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Foreword 



^« Second National Educational Com^iit- 
in9 Conference (H£CC/2) builds on the 
succeae of last year's conference at the 
Univereity of Iowa* In organizing the 
progran for KBCC/2 we have attempted to 
Inplement nany of the suggestions we have 
received during the year* Of special 
significance are the tutorial sessions 
which are designed to provide attendees 
with the opportunity to expand their 
appreciation of and invoXvwbent in 
educational computing* 

llECC/2 is a broadly based conference 
bringing together* in the comon inter* 
ests of coinputers in education* a great 
nuadtwr of Individuate with diverse back^ 
grounds and a great number of cooperating 
societies* It is hoped that in this 
forum the diversity can be focused to 
improve our common interest* 

'this volume presents the papers pre- 
sented at the conference and summaries o^ 
most of the special sessions* The coordi* 
nation of the contributed papers was in 
the able hands of Richard H* Austing of 
the University of Maryland # and the coordi* 
nation of the special sessions was in the 



equally able hands of Doris K* Lidtke of 
Tcwson State University* He give them our 
sincerest thanks for the many hours spent 
on these tasks* ife also thank the authors 
for submitting their works and working with 
us to maintain our schedule* 

Thanks are also due to the entire IIECC/2 
Steering Committee for their excellent 
guidance in preparing for the Conference* 

Special acknowledgements go to Ted 
Sjoerdsma of the University of lowa who 
coordinated publicity and Diana Harris 
also of the university of Iowa who edited 
these proceedings* 

Finally we thank All those individuals 
who came to NECC/2 and helped insure that 
the concept of this series of conferences 
is a success* 



Gerald L* Engel 
Chairman* NECC/2 
Christopher Newport College 
Newport News« Virginia 23606 
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CM - AH INTRODUCTION 
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Harold Rahmlotf 
Abacus X«earnlti9 Inc* 
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ABSTRACT 

fR5""SBcc-2 Con^ter-Baaed Instruction 
Tutorial SetfBion is designed for persons 
who have had little or no experience 
working with cc^rputer-based instruction 
(CBi) * This session will 9ive basic 
information that will help them get 
started in CBI* The topics for the ses- 
sion includet 

(1) An examination o£ terms related to 
CBI and the differences between com- 
puter assisted instruction/ computer- 
managed instruction, and computer 
test generation 

12) Characteristics of today's educational 
enviromttent and the place of CBI in it 

(3) Alternate CBI systems and character- 
istics of each 

(4) Examples of successful CBI 

<5) Questions one should consider before 

9ettin9 into CBI 
(6) Hhere to 9et additional information 

or assistance concerning CBI 
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2 NECC190O 



HOtt TO CHOOSE A HldtOCOHPUTER FOR EDUCATIONAL USE 

Kevin H^usmann 
Hiimesota Educational Ccnnputing consortium 
2520 Broadway Drive 
St* Pbul, Himwsota SS113 



ABSTRACT 

Hany people sr« realizing the tremendous 
potential that nicrocomputers have £or 
education; however* it is heeoinning increas- 
ingly difficult to stay abreast o£ all the 
varieties of microcomputers currently 
available* one solution to this probl^ 
is to define the components that make up 
a minimal educational microcomputer system 
and then consid^ only those systems which 
meet minimal criteria* 

The minimal system* as defined by 
Minnesota educators, consists of the 
following! 

- An input device must be a typewriter 
keyboard and output a multiline 
monitor or printer* 

- a permanent file storage must be some 
form of disk storage* 

* The BASIC language must be supported* 
^ At least 12K of user laemory jmist be 
availalbe* excluding operating 
system and language processorU) * 
Since BASIC is the most often used 
language* an evaluation of BASIC language 
features and capabilities should be made* 
BASIC features typically considered 
include s«|oential file handling* random 
access file handling* chaining, special 
functions* matrix operations* formatted 
output* and ^ood graphics connands* 



Once the range of systws has been 
narrowed* ways to provide or acquire 
support should be considered* The 
following points were deemed important 
in the Hinneaota plan for microcomputer 
support t 

- One specific microcomputer (chosen 
through a bid process) should be 
available to educational agencies 
by a state contract* 

- Instructional service support for 
the selected microcon^ter should be 
defined and increased to the level 
currently available for timesharing* 

- Continuous analysis and evaluation 
of hardware and software must keep 
up with the changing technology* 

The technical evaluations and the 
invitation for bid used by the Minnesota 
Educational computing Consortium are 
available from KECC Publications* 2520 
Broadway Drive* St* Paul* Minnesota SS113 
Ask for the 79-gQ Microcomputer Report * 
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TORHIHG STUDEHTS OH TO THE CQMPDl^f 
THE INTRODDCTOfiV COUfiSE 



Gary B* Sh«LLy 
AnahdiJD Publishing Con^ny 
1120 East Ash 
Fullsrton, CA 92631 
(714) 879-7922 



ABSTRACT 

For as long as coi^uting has bean taught 
in high ^chool9f colleges^ and universiti«s# 
there haa b«en controversy concerning the 
firat course in the curriculum. Some have . 
advocated a high-level course dealing with 
algorithms and prograaming, while others 
have taken a coinputers^*«ociety approach* 
With the increased enrollment in this 
course, Mt^only in college* and univer'^ 
sities but in high schools and even junior 
high schools^ guidance must be given to 
teach a worthwhile course which can satisfy 
the large number of students from all 
disciplines will be taking it. 

This tutorial will present a suggested 
course content and methods for implement* 
ing this course at all levels of education. 
It will include justification for the 
subject matter which the author views as 
critical for the course and unique and 
effective ways in which this subject 
matter can be taught effectively. 
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XNSTRUerxONAL OBSXG» AMD COHPOTER EOUCMXOH 

Gordon StoX«8 
Ccinputer Science Department 
Brigham Young Univer&ity 

ProvOf Xj^^h 84602 
(801) 374-1211 Ext* 3027 



ABSTMCT 

Tb« place Of performance objectives^ 
course organiz^tionj instructional 
strategies, and evaluation procedures 
will be discussed in this session. The 
instructional design of an introductory 
FORTRAH class will be the case history 
that illustrates the instructional 
design process in a classroom* 

The presentation will give the partici-* 
pants enough information and examples to 
help them organize their own classes* 
The evaluation procedures will cover both 
formative and suinroative exams* 

Some recent research results on indi* 
vidualixed instruction in an introductory 
class will be presented^ and their 
implications for instructional design 
will be discussed* 
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Invited Session 



, HICBOCOMPaTERS IK EDUCATIOH 

Chaired by Hurali Varanasi 
Dept* of Electrical Bngineering 
Old Dominion tmiveraity 
Norfolk, Vh 23508 
(804) 440'-374I 



ABSTOACT 

Since the introduction of the first 
tticroprocessor in 1971* advancea in the 
tticroproceseor field have so accelerated 
that universities have been faced with a 
aerious educational challenge* take 
advantage of the cost and flexibility 
offered by the ptogrammable LSI devices, 
the digital designers have to be educated 
in software engineering; computer scien- 
tists have to learn digital systems at 
the gate and subsystem level* Even 
though microprocessors* th^ must be dealt 
with as any other computer— i*e*, inter* 
faces have to be built* buses have to be 
designed* and programs written* There- 
fore the following challenges arisen 

I* How are design skills to be taught? 

2* What sort of courses are needed? ^ ^ 

3* Hhat sort of laboratories are needed? 

4* now does one introduce a Computer 
Science/Engineering etudent to 
application areas? 

This panel will address the above ques- 
tions from the perspective of experienced 
education* inductrial* and government 
experts Knowledgeable in computer educa-^ 
tion* future applications of micro- 
processors will also be discussed* 
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PROGRAM DEVELOPMENT TECHBlQOES 

A. J. Turner 
CLemson University 



ABSTRACT 

computer programs are cf ton develop^ by 
users without considering the effort that 
will be required for someone other than the 
author (s) of a program to understand it, 
iDodify it, or correct an error. However, 
several techniques are available to assist 
in the development of computer programs 
that are easier to r^^ad, understand, debug, 
and modify. Since tne techniques also 
facilitate the initial implementation of 
most programs, they are valuable even if a 
program is intended to be used without 
roodifica tion. 

Techniques for three aspects of program 
development are considered in this tuto- 
rials design, programming, and implemen- 
tation* Topdown design is discussed as 
the basic approach to program design* 
Module independence, module function, 
information hiding, and the HJPO tech^ 
niqu« are considered as modularization 
criteria and paradigms to '■id in the 
development of the design* The two pro- 
gramming techniques discussed that facil- 
itate the development of program code are 
the use of pseudo-code and stepwise 
refinement* Also included are techniques 
for Improving the readability of p3?ogram 
code, such as structured coding and 
program formatting and commenting conven- 
tions* The use of iterative enhancement 
and module stubs are discussed as implemen* 
tatlon techniques that complement the 
design and programming techniques and 
facilitate the use of a topdovm approach 
to program development* 

^Emphasis is placed on the use of these 
techniques by a small implementation 
team or a single individual. Examples 
in the BASIC and PASCAL progransoing lan- 
guages are included* 
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COMPUTER SCIENCE AND HIS COLLEGT STUDENTS; 

IS THE STAMPEDE FOE THE HOHEY? 

Eleanor W* Jordan 
Departsient of General Busine^rs 
university of Texas at Austin 
Austin, Texas 78712 
512-471-3322 



IHTRODUCTIOH 

College programs in computer science 
and management information systems (MIS) 
are generally experiencing increasing 
enrollments in spite of declining or 
stable university-wide enrollments* 
Since the demand for DP professionals 
is currently very highj enrollment 
increases in these two areas may be an 
indication of the practical orienta- 
tion of th« *70s college students who 
supposedly left the liberal arts and 
demonstrations of the '60s to pursue 
safer career paths in a declining job 
market* If this is true, will colleges 
be producing more computer graduates in 
the '80s who are mon«y-oriented rather 
than compute reoriented? 

Industry is unlikely to be dis- 
mayed at the pirospect of more practical 
computer science graduates* Bruce 
Gilchrist (5) predicts that the short- 
age of Dp professionals will continue 
tturough the *80s mainly because educa- 
tional institutions are not producing 



graduates with an adequate education 
for business applications* He suggests 
that computer companies spend less 
time raiding each other*s dp employ- 
ees and more time interacting with 
educational institutions in order to 
improve the DP personnel situation* 
Several educators have joined 
industry recently in complaining that 
coiv^uter science education is often 
irrelevant to industry needs (2) * 
Resulting recomroendations have ofter* 
been to add particular courses or 
stress particular languages (2), but 
there has been an increasing interest 
in new programs designed for the 
broadly defined fields of software 
engineering (7) or information systems 

Before too many new programs are 
developed^ it might be valuable to 
consider whether it xs possible to 
relieve industry's frequently expressed 
frustration with computer science 
graduates by making curriculum changes* 
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Paul Ana^oatopoulos (l) t a participant 
in the 1979 Brown University conference 
on the difference between software 
theory and practice, decided that the 
much talked^about software crisis is 
due jnainly to prograimning personality 
defects. His suggestion that more 
attention be paid to the psychological 
aspects of prograimaing and systems 
design is sipnilar to Daniel Couger 
and itobert Zawacki^s (3) suggestion 
that DP professionals consider behav^ 
ioral aspects of personnel responsibi'* 
lities as well as the required technical 
skills. In their investigation of 
more than 600 DP professionals (analysts, 
prog ranmier /ana ly s ts t and progranuners) » 
Couger and Zavacki found that the 
stereotype of programmers as loners 
had considerable basis in fact: DP 
professionals reported significantly 
less need for interaction with others 
than all six of the other professional 
groups studied* 



Are people who choose DP careers markedly 
different from people in general? Couger 
and zawacki founds that practicing DP pro^ 
fessionals have lower social needs than 
others and concluded that this trait had 
important implications for how DP work 
environments and job requirements should be 
designed. If computer science and HIS 
students differ from other students in 
job^related attitudes and achieveSoent moti- 
vations, it could have implications for 
profjram design* course design* and student 
advising in the computer science and HIS 
areas. 

STt/DEKT SURVEY PROJECT 

In spring 1977 I was involved in the 
development of an undergraduate HIS program 
in the College of Business Administration 
at The Universi'cy of Texas at Austin. A 
strong computer science program already 
existed at the graduate and the undergrad- 
uate level* but ot(r business school committee 
thought that the orientation of the coinputer 



TABLE I. Hean Ratings of Importance of Possible Considerations 
In Career Choice for Student Sub'^Groups 



Career Considerations Business HIS Computer Liberal Natural Engineering 

in R\nk Order of Science Arts Sciences 

impoctance (H=326) (N^2I) (H>20) (H>4Q) (N>45) (H-I5) 



1. Personal Interest* 

2. Personal Abilities 

3. Career Potential 

4. Job Security 

5. Salary** 

6. Amount of Time 
Allowed Outside Work 

7. Flexibility 

8. Variety of Job 
Requirements 

9. Opportunity for** 
Community Service 

10. Prestige 



3*4 3.3 3.0 

3.1 3.2 3.2 

3.1 3.3 3.3 

3.0 2.6 3.1 

2.7 2.4 2.9 

2.6 2.4 2.4 

2.5 ^.5 2,5 

2.4 2.3 2.3 

1.8 1*5 1.3 
2.0 1.5 1.9 



3.5 3.5 3.4 

3.3 3.4 3.1 

2.8 2.9 3.5 

2.4 2.7 2.7 
2.2 2. a 2.5 

2*5 2.3 2.9 

2.5 2,4 2*4 

2.4 2. a 1*9 

2.2 2.5 1*5 

1.9 1.6 1*7 



Items are measured on a five-point scale with C>cindicating "not at all important** aitd 
4 indicating "extremely important." 

Asterisks indicate that an analysis of variance resulted in a statistically significant 
difference among sub-group means at the following levelst *-- -p<.05j **-*pjjL01 
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TABLE 2* Mean Scores for Student Sub-Groups On 
Work and Family OrientAtion Factors 



Factx>r 


Business 
(N-326) 


MIS 
(N»21> 


Computer 
Science 
(Hs20) 


Liberal 
Arts 

(H»40) 


Natural 

Sciences 

(N-^45) 


Engineering 
CN«15) 


Mastery 


20*1 


20.3 


19.0 


19.2 


19.6 


19.7 


Ifork 


19.7 


20.7 


ia.4 


20.4 


20.5 


19.9 


Competi- 
tiveness** 


13.7 


12.1 


11.2 


12.1 


12.3 


12.9 


Personal 
unconcern 


10.3 


10.3 


11.2 


10.9 


10.7 


10.1 



The overall group means for these factors were very close to the Helmreich and Spence 
normative data for 1455 college students. 

**An analysis of variance resulted in a statistically significant difference among 
sub-group means at the .01 level. 



science undergraduate program was more 
suitable for aspiring graduate students* 
systems prograromsrSt or scientific pro- 
grannars than business implications sys- 
tems analysts. The MIS program was de- 
signed to provide the education for a 
knowledgeable business user i4ho can ef- 
fectively define his information needs 
as well as analysts who can design the 
requested software without the usual 
conflict between user and DP personnel. 

Fall 1979 was the first semester 
for the proposed MIS program. Since it 
is a computer program in the business 
school I was interested in whether the 
students attracted by the program would 
have work-related attitudes and motiva- 
tions similar to business students or 
CS students. I therefore included stu- 
dents in two of the required MIS classes 
in a Fall 1979 survey project that mea-* 
sured attitudes £rcfn a large sample of 
business students at the undergraduate 
and masters level. A smaller senile of 
liberal arts* natural sciences (includ- 
ing computer science), and engineering 
students was also included £or a compar- 
ison with the MIS group. The resulting 
sample included 467 undergraduates i the 
large majority were business majors in 
accounting, management, or marketing. 

RESULTS 

Determinants of Career Choice 

Most of the students participating 
in the survey reported that they had 
decided on a career goal, even though 
the sample included about as many free- 
man and sophomores as it did juniors and 
seniors. Approximately half of the de- 



cided group had specific career goals* 
while the other half Indicated that they 
had decided on a general area but were not 
sure about what their specialization might 
be. 

On the survey students were asked to 
rate the importance of ten elesnents in 
their considerations for choosing a career 
field on a scale of 0 to 4. The ten ca- 
reer choice items im^luded on the survey 
are listed in Table 1 in the order of aver- 
age Inqportance to the entire sample. 

Personal interest in a career field 
had the highest mean rating for all stu- 
^d^t sub-*groups except the computer science 
students and engineering students who tended 
to rate the importance of career potential 
more highly than any of the other items 
listed. 

The generally high ratings given to 
personal interests in career choice deliber- 
ations are not consistent with a popular 
view of '70s students as obsessed with fi- 
nancial security* but the rest of the items 
in the top half all fib this view. Matching 
a career with personal abilities ranks sec-* 
ond for most groups and career potential, 
job security, and salary follow. 

To determine what reliable inter-group 
differences might exist in deliberations 
about career choice, I performed a separate 
analysis of vailance for each of the ten 
items* Statishically significant differ- 
ences among means were found for three of 
the itomsi personal interest* salary, and 
opportunity for community service. For all 
three of these items the mean for computer 
science students was et one end of the 
range of sub^^oup means and the 
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means for liberal arts etudetits and 
natural science students were at t7i« other 
extreme. The mean for HIS students was 
closer to the other sub-group means for 
all three of these career choice items* 
For these three coneiderations in making 
a decision about a career* the MIS stu-^ 
dents appear to be more like other stu- 
dents than the computer science students. 
For the other considerations included 
in the survey* the computer science 
students* like the KIS etudents* appeared 
to rate each item of similar importance 
or lack of importance to the other sub- 
groups. 

Achievement Motivation 

<rhe survey also included four 
measures of achievement motivation. 
These measures were taken from Hobert 
Helmreich and Janet Spence*s (6) trork 
and Family Orientation Questionnaire 
since coneiderable evidence exists for 
the statistical reliability and valid** 
ity of this instrument. The four fac- 
tors identified in Helmreich and 
Spence's analyses are designated as 
work* mastery* competitiveness/ and 
personal wconcem. The first two 
would seem to be highly relevant to 
realistic motivations o£ aspiring 
DP professionals in the rapidly chang- 
ing computer environment! work is 
intended to measure the desire to work 
hard and mastery measures desire for 
intellectual challenge. The items 
composing the competitiveness factor 
are related to a desire to succeed in 
c<»ip6titive* interpersonal situations. 
k high score on the pereonal unconcetn 
factor indicates a relative lack of 
concern about the possible negative 
interpersonal consequences of achieve*- 
nent. in validation studies these fac- 
tors have been found to be appropri* 
ately related to measures of scienti- 
fic achievement* college grades/ and 
income. 

Computer science and HIS students/ 
acc<^ding to my results* are similar 
to business* liberal arts* natural 
sciences* and engineering students in 
terms of work/ mastery/ and personal 
unconcern (Table 2). In a comparison 
of the six sub*-group means the results 
of an analysis of variance test was not 
statistically significant for any of 
these three factors. However a statis- 
tically significant difference ammg 
means was found for competitiveness. 
The highest mean factor s?ore was for 
the business students and the lowest 
was for the computer science students; 



the mean score on competitiveness for MIS 
students was similar to the middle scores 
of liberal arts and natural science stu-^ 
dents. 

SUHHJUnr AMD CONCLUSIONS 

The sample of computer science and 
MIS students participating in this sur- 
vey was quite small so any conclusions 
that can be drawn from the results must 
be tentative, where con^arisone could 
be made to other studies the data did 
appear to be representative of college 
etudents and consistent with the Couger 
and Zawacki (3) study of DP professionals' 
personal needs. The additional implica- 
tions of my study may then be worth consi- 
dering at least for purposes of discus- 
sion. 

For the most part computer science 
and HIS students appear to maKe career 
choices in a manner similar to other 
studente and have similar achievement 
motivations* However/ where statisti- 
cally significant differences do exist* 
the computer science students were found 
consistently to have an extreme posi- 
tion, while the HIS etudents consistently 
indicated choices and motivations simi- 
lar to the other etudent sub*-groups. 

Implications for Industry 

If the results of this study in an 
academic setting are combined with the 
Couger and Zawacki (31 study, the impres- 
sion of the DP professional is that of 
someone who has low needs for f^ocial 
interaction and little desire for inter- 
personal competition relative to other 
professionals or aspiring business 
executives. Computer science etudente 
are just as interested in an intellec- 
tual challenge ae other students* accord- 
ing to my study* and have a greater need 
for personal growth than other profes- 
sionals^ according to the couger and 
Zawacki study. But challenge and growth 
are apparently not defined in terme oi: 
social interaction or interpersonal 
competition, if the business execu- 
tive understands this then it seems hlcfhly 
plausible that it would be possible to 
capitalize on the task orientation of 
the traditional DP professional and 
benefit-from the lack of poesibly des- 
tructive interpersonal ccmipetition. 
Some of the closed'door complaints that 
are sometimes heard about DP shops may 
stem from an assumption that the source 
of the isolation policy is a know-it- 
all egocentricity* when in fact it is 
likeXy to be a difference in task orien- 
tation. 
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Th« r«sul^« of this surv«y related 
to ItIS students seem very hop*ful for a 
future reductlcm of the frequency of 
conflicts between computer experts 
and business inanagers. For all ana^ 
lyses Mhere differences In notlvatlons 
or isnportance placed on career choice 
consideratione mt% found to be statis- 
tically significant* the MIS students 
tended to take a middle position^ 
Hiring a conbination of MIS and cooq^u- 
ter science graduates may very '^11 result 
in a OP shop that has better intra- 
company relationships and still delivers 
the technical expertise that nay re- 
quire an alAost exclusive orientation 
toward the task at hand. 

Another hopeful note is that thft 
pro9rHa]mBer ' s big e^o desoribed in 
sotnm of the stories of Gerald Weinberg 
{8> in The Psychology of Cowputer 
proqraBfl^ng doesn't seem to be pre- 
valent among either HIS or CS students. 
Weinberg's ^servations may be more 
based on egocentricity than egotism. 

implications for Educators 

Gordon Davis (4) has discussed 
the conceptual differences in the func- 
tions of information analysts and system 
analysts as a basis for designing 
curriculum in MIS and computer science. 
The results of my study provide some 
additional support for the diutinc 
tion between broadly defined programs 
in information systems and the tradi- 
tional computer science program. 
The middle position occupied by the 
HIS students on a nuiDber of career 
orientation and achievement moti* 
vation measures may mean that they 
will generally be successful in the 
liaison and managerial roles they are 
often placed in. Also HIS programs 
apparently attract a different type 
student than the computer science 
programs. As the nuniber of HIS, pro- 
grams increase the number of gradu- 
ates seeking OP positions may increase 
at a faster pace than expected. 

The high salaries and eager on** 
campus industry recruiters would seem 
to be the most obvious reasons for 
the continuing increase in HIS and 
computer science enrollments, but 
that's not what these students are 
reporting. Personal interests are 
more Important than salaries for all 
these If^te '70s college students. 
With a continuing increase in college 
graduates and a variety of computer 
educational programs* perhaps the soft- 
ware race will catch up with the hard* 
ware advances faeter than the latest 
predictions indicate. 
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INTRODUCTION 

Hampton Institute (HI) la a amallt 
pr^otlglovat four-y«ar historically 
black college that grants graduate degrees 
In education^ nursing^ and (la conjunction 
with George Uaahlngton University) engl-^ 
neerlng* As of September 1979^ the School 
of 8uslaese Included 15 faculty members 
and 792 students (the largest enrollment 
of any element of the Institute) who re-^ 
presented 36 state«t the District of 
Columblat and the Virgin lalands* The 
School of Business la actively pursuing 
preliminary actions toward accreditation 
of the undergraduate program by the 
American Assembly of Collegiate Schools 
of Business (AACSB) » with the mld-^range 
goal of an accredited Master of Business 
Administration (H8A> program. 

COMPUTER EDUCATION FOR BUSINESS AT 
HAMPTON INSTITUTE 

The focal point for computer education 
at HI Is In the Division of Computer 
Sclenci^ t Department of Hathemetlcs » which 
offers a major In computer science. COBOL 
is the prluclpla vehicle for teaching^ al- 
though two APL terminals are available. 

JfU the School of BualnesSt a single 
computer course* **Computer Concepts In 
Business*" has used FORTRAN. Until the 
1978-79 school year the course tfsr> teught 
by a full-time visiting professor* an 
IBM employee* Upon his departure* the 
author volunteered to teach both sections 
of the course* continuing the somewhat 
restrictive prog rem-^vrl ting orientation 
using FORTRAN* vhlch was #)StabIlahad by 
his predecessor* 

Beginning In September 1979* however* 
the malix thrust of the course was sub- 
stantially redirected from a rather narrow 
technical orientation to e broader mana~ 
gerlal orientation more appropriate to 
potential Junior managers who are under* 
srsduate students In business. This re-^ 
direction included a new text* O^Brlen^s 



Computers in 8uslneas Management (7) * 
which emphanites business applications 
and probleme with substantially less 
attention to detailed programming tech- 
niques. In addition* preliminary guidance 
from the Chairman of the Department of 
Hanagement and Marketing had emphaslted 
that FORTRAN Is not necessarily the pre- 
ferred language* Accordingly* minor 
preliminary study has addressed tUe possi- 
ble Introduction of the C language (2) 
since software compatible with the Harris 
PDP-11 (now balng Installed at HI) Is 
available* This guidance recngnlses the 
fact that the goal of the School of 
Business Is not to train computer pro* 
gramners or potential data processing 
managers* but to train competent Junior 
managers with a bro^d overview of busl-^ 
ness* 

Hardware available to the School of 
8uslness as of September 1979 Included 
five keypunches* one terminal Interactive 
with the I8M 370/168 computer at The 
College of Hllllam and Mery In Virginia 
at Williamsburg* and an IBM System 3 at 
Hampton Institute. The System 3 allows 
batch processing o€ Statistical Package 
for the Social Sciences (SPSS) programs. 

THE CHALLENGE OP BUSINESS 428-01 

On August 30* 1979* the author* primarily 
management rather than marketln8 oriented* 
was offered the opportunity to teech* as 
an overload* Business 428-^01* ^'Market. 
Reseerch and Analysis*** This opportunity 
waa eagerly grasped* after only brief 
consideration* A conventional syllabus 
complemented the text end supported the 
concept of team determination # team lead-* 
ar selection* and reaearch topic racomaen-^ 
datlon by the atudents* For the cless of 
59 students (34 Juniors and 25 seniors) 
specific 8u^dance wss given orally at the 
seme meeting; **Thls course Is team-^ 
oriented* Accordingly, by the next class 

• \ 



23 



Bustness/Eoonomlcs 13 



seetlsg please arrange yourselves la teaas 
of not less than five nor aore thao seven 
tkeaberSf at least one of whom must have 
coapleted ^Computer Concepts In Buslnese* 
(to ensure a basic fsalllarlty with tha 
machanlcs of computer programming « key- 
punch operation^ «iid program debugging). 
Select your team leadar^ and provide the 
instructor a written list of the team 
memberst designating the team leader^ the 
individual with basic familiarity with 
computer procedures^ and a list of three 
topics you propose for research* One of 
these topics^ if deemed suitsblet will be 
approved by instructor. If none of the 
first three is considered suitable^ th* 
team will be required to submit a second 
slate of three topics." (This requirement 
was never invoked^ although the instructor 
was asked by members of several teama^ "Why 
did you approve that topic? It wasn't the 
one we really wanted; we Just added it on 
to meet your requirement for three topics.*' 
The response: "It was the only on* on 
your slate which had any *meat\ the others 
vere lightweights which would not heve 
presented any challenge to you.'*) 

By the second class meetings eight teams 
were organized and moving out smartly; the 
remaining seven students wasted their first 
four class meetings fighting the problsmr 
but none dropped the course. 

k sample milestone chart and work plan 
were distributed the first day of class; 
teams were advised the next requirements 
after approval of their research topic 
were successive submission of an hypothesiSf 
work plan^ milestone chsrt^ and question- 
naire(s) to elicit data appropriate to 
determine whether the hypothesis could be 
supported or rejected. 

RESFOHSEf CONDUCT OF THE COURSE 

One may wonder^ at this pointy what need 
is there for computer support or what com- 
puter application exists? After topic ap- 
proval specified queBtionnaire(s) would be 
administered to a random sample of not less 
than one hundred nor more than five hun- 
dred respondents. 

Each team was issued (and acknowledgenent 
made by signature of a student team member) 
a folder containing selected extracts from 
the SFSS manual describing the options 
and statistics available for SFSS proce- 
dures COHDESCRlFTIVEt CROSSTABS^ FRE- 
<}UEHClBSt FEARSOH CORR^ and SCATTEEORAH« 
and a dats binder containing an unexploded 
printout of a program operating on a 
sample of five with such data as last four 
numbers of social security account number^ 
age^ height^ weighty shoe size^ color of 
hair^ and color of eyes. These data itetts* 
admittedly renote form most business appli- 
cation^ vere selected primarily both to 



demonstrate ssmple SFSS capabilities and 
to challenge the students to define ana- 
logous application to their project. 

For further reference* two copies of 
the JFSS manual (3) were available: one 
chained to the counter in the computer 
center vhere card decks are turned in for 
batch processing f the other * the ins true- 
tor'a personel copy. (A third copy* 
recommended for purchase by the Institute 
library as a reserve reference* 
was not yet available at this writing.) 
The instructor (along vith his SFSS 
ittanual) was al^so available to team members 
as a resource person/advisor. 

The proj ects moved forward . Host 
classes were split between rather cursory 
lecture coverage of the assigned text and 
substantial time for taam work and con- 
sulatioQ with the instructor as required^i 
Heny questions arose* most of which were 
answered in the Socratic manner or by 
specific reference to assigned coverage 
In the text. "Be of good cheer and read 
ahead." Heedless to say^ these techniques 
roused substantiel complaint from so«e of 
the cisss. 

Sampling of the approved student topics 
is included in the sppendix co this paper. 
One common complaint concerning these 
topics took the general form, "What does 
this have to do with market research and 
analysis?" The reply was standards '^The 
thrust of this course is precisely that 
of market reeearch and analysis; while 
ve are not attempting to ace the Hielsen 
ratings* or ascertain the marketability 
o^ Old Tennis Shoe Bourbon* you are exer- 
cising the techniques that would be ap- 
plied in either of those two or a multi- 
tude of other examples.*' 

STUDENT PROBLEMS 

One subatsntisi inhibiting circumstance 
in an otherwise orderly progression of 
learning by doing was the delayed dis- 
tribution of the sample SFSS program by 
the instructor to each team. (He had his 
own problems in debugging what should have 
been a relatively simple* straight-forward 
program* owing to his lack of familiarity 
vith Job control language (JCL) and the 
evolutionary progression of SFSS from 
Version 6.0* which he had last used six 
years ago* to the current Version H.d.o) 

As the semester moved forwsrd* snd the 
milestone for submission of completed 
reports spprosched* the instructor received 
successive feelers snd ultimately almost 
frantic pleas to delay submission of the 
report. Although time was not available 
to do other than adhere to the schedule* 
as a small encouragement the teams were 
advised that chioce of date and order of 
presentation would be svailable to the 
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teftms in order of their report aubnission; 
the first tften would choose first* sftcoadf 
thirdf position on aay of the thre« days; 
the la«t teaa would have no choice* 

Several teams conplainedt with apparent 
Justif ication^ ebout a severe imbalance 
of work; some tean aeitbers were obviou&ly 
not pulling thair share of the workload* 
Since it had been emphasized that the aaoia 
report grade would accrue to each taam 
mettbar* concern was expressed about the 
apparent injustice of the workers sub- 
sidizing the drones* So* peer ratings 
wera required of all menbers of each team« 
These wara compiled * reviewed * and * after 
consultation with a colleague more ex- 
perienced than the author in personnel 
tasting and mansuratiOBt appropriately 
weighted before ^incorporation in tha final 
course grada« (In addition to the report* 
four graded exercises highlighting appli- 
cation of text matarial wera adminiaterad 
during tha tarn*} 

Imttadiately aftar submitting each ra- 
portt it was comprehensively end severely 
reviawed-by the instructor* as if it ware 
the first draft of a professional report- 
The following day* the report was re- 
turned to the tean leader* and after his 
persualt was discussed at length with bin 
and selected nambera of his tean* It was 
enphasized to each tean that their oral 
presentation would provide an opportunity 
to recoup soma of the cuts suffered on the 
vritten report* 

Several teans wanted to revise and re^- 
subnit the writtaa report* but this con-* 
nendabla response was rejected because the 
leaaons learned from the saverely criticised 
original report night be dulled* The 
preparation of oral reports would be in- 
hibited* and such a requirenant would 
place an inordinate burden upon the students 
at a time when preparation for final ex-* 
aminations should nalce major demands on 
their available tims« 

PIIIAL ASSESSHEUT AUD LSSSOHS LEARHED 

Although the author considers that Busi- 
ness 428-01* "Harket Reasearch and Analysis"* 
was successfully (albeit rather painfully* 
for sons students) conpletad * he learned 
soae lessons which should significantly 
inprove his second and subsequent conduct 
of the course* 

First* conpletion of **Computar Concepts 
in Buaineaa" should be a prerequisite to 
Buainass 428* This requirement would tand 
to even the student workload* since each 
team nenber would have sone experience in 
keypunching progran/data cards; and would 
be able to participate more fully in pre- 
paration of basic data for machine compu^- 
tat ion* 

Second* although Lehnann (2) provides 



a comprehensive review of elamentary sta- 
tistics as an appandix to ona chapter* 
the statistics course required in all 
undargraduata sequences in business at 
HI should be a prerequisite to Business 
428* This requirement would eliminate 
the tendency of sone students to call up 
unnecessery statistical routines and fail 
to call up some useful routines* 

Third* SFSS is a valuable research tool 
which all undergraduate students in busi- 
ness should learn to use* This limited 
application in "Market Itasearch and Ana- 
lysis" at Hampton Institute is the first 
step in that direction: it is a required 
course for all undergraduate marketing 
majors* 
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AFFEKBIXt AFFROVEB RESEARCH lOFlCS FOR 
BUSINESS 42S 

TeM Subject 

1 Vb«t effect does the Hamptoo Institute 
population have on groBs salts of 
stores la the Coliseum KsII? 

2 Declarstloti of majors; Why we choose 
the majors we do 

3 Food additives and preservatives 

4 Salt II Treaty 

5 Gas ratloaing program la the area 

6 Trade school is a good alternative 
to college 

7 Hampton Institute's Intended growth 

8 How future computerlsted purchase 
will sffect consumers snd industry 

9 Social Security 
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OBJECTIVE 

Tha work of professional economists 
most often used by government officials 
and private businessmen lies within the 
realm of macro*economic forecasting. 
Thie artt however* is rarely acquired by 
students of eooncmics due to the expense 
of developing lar9e-scale econometric 
models of the economy and the high level 
of statistical knowledge presumed to be 
neceseary in macro-economic modeling. 

In responee to this void* a research 
seminar in eoonomice at the :*.3. Naval 
Academy has been designed to offer under- 
graduate stui^ents a chance to build 
inexpensive, simplified forecasting 
models. These models are based upon 
economic theories, or extensions of 
theories, learned in previous courses. 
They are derived with limited know- 
ledge of few, but powerful, statistical 
techniques rarely encountered by under** 
graduates. As pfirt of a class exercise, 
each student develops one sector of a 
macro-economic model. Theee sectors then 
become integrated into a simplified model 
of Gross National Product (GNP) and 
inflation (as measured by the GNP 
implicit price deflator). 

BACKGROUND 

The art of forecasting the economy 
cORtbines intuitive judgments with 
computer-based statistical models of 
aggregate spending behavior. The goal of 
these models is, quite heroic, to say the 
least; one must model the decisions of 
groups of millions of individuals in th'^ 
market place. These individual decision^, 
when aggregated, determine the level of 
^ ^production, ag well as the aggrtigate 
price level of all goods and services 
productiU. 

The uses of macro-eccnomic forecasts 
have been widespread. They are used by 
govttmment policymakers when evaluating 



alternative fiscal and monetary proposals* 
and by private individuals whsn evalua** 
ting expected economic growth rates and 
inflation within defined sub-sectors of 
the economy. The number of the more well 
known large-^scale models is limited to a 
handful, however, due to the enormous 
cost of building and maintaining the 
computer*>based models. Some models, like 
the Data Resources Inc. (DRI) model* have 
as many as 200 stochastic equations and 
over 350 endogenotls variables. 

As indicated above, these cost consid- 
erations also limit how undergraduate 
sohools teach this important aspect of 
economics. If macro-economic forecasting . 
is taught* it is often done by having the 
student merely manipulate previously 
developed models. That is^ they may plug 
in a hypothetical value for a chosen 
policy variable (say the corporation 
income tax rate) and obeerve the model's 
predicted effects on the aggregate econ- 
omy. While this approach teaches stu- 
dents the sensitivity of economic sectors 
to public policy, it tells them nothing 
about the assumptions behind the model of 
the structure of the equations used in 
the model. 

MBTHODOLOGY 
degression Analysis 

The methodology ased for introducing 
the student to the art of forecasting is 
basically one of leaming-by-doing. The 
student is first giyf^ an introduction to 
regression analysis.^^' The theory behind 
the statistical procedure is discussed 
only with regard to the assumptions one 
must make when using regression analysis. 
(Formulae are not proven" since the stu- 
dent is considered a user.) 

Conq^ters make it eaey ^ and fun — 
for the student to do regression analysis 
from the very beginning of the class. 
Simple time-series practice data files 
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are <2reated and stored. These files are 
'accessed and analyzed with the regression 
package Tine Series Processor (TS?) that 
was originally written at Harvard and 
later modified at Dartnvauth to run on a 
tine^'Sharing basis. 

The control statements used to execute 
the program are quickly and easily 
learned. Students may print out their 
data base in easily readable format* com*' 
pute correlation matrices* and run pre-^ 
liminary regressions with simple coni:roI 
statements. (See Table- I of Appendix A.) 
Hore advanced techniques made ne<2essary 
by the problem of autocorrelated error 
terms can also be taught to the student 
with the TSP package. Date transforma-^ 
tions such as discrete lags* logarithms* 
and first differences are easily com-^ 
puted. Their effects on the predictive 
power and autocorrelation can be observed 
by comparing the model results Osing 
transformed data with those of the pre*' 
liminary regressions. 

Hore advanced transformations, includ-^ 
ing the Cochrane^'Orcutt procedure and 
the Almon Polynomial Distributed Lag 
(fDL) (3) f are then presented and used. 
T^ latter transformations are usually 
considered to be beyond the realm of under*' 
graduate students; however* the 
Ieaming*'by-^doing approach (made avail*' 
able by the TSP package) makes their use 
both possible and highly instructive. 
(See Table 2 of Appendix A for the con-^ 
trol statements used for some of these 
data transformations.) 
Model Design 

Vith the statistical knowledge 
acquired through doing regressions on the 
practice data files* the student builds 
a simple regression model [Ordinary Least 
Squares (OLS) or Two Stage Least Squares 
(TSLS)] for a selected part of the 
larger macro model. The choice of 
explanatory variables is based upon 
ecom^c theories discussed earlier in 
the research paper. The quarterly data 
base used to analyze each student's model 
is the Department of Commerce's data bank 
used in its Bureau of Economic Analysis 
(8EA) quarterly model. This data base 
consists of nearly 7S0 variables and 
transformations of these variables that 
may be used as endogneous and exogenous 
variables. Thus* it provides (at the 
time of this writing) the student with an 

exhaustive- source of 'quarterly time 

series information for the period of 
1949tl through 1979^3. 

The student selects independent vari* 
ables that are deemed appropriate for the 
theory he has developed previously and 
creates mass storage data files for easy 



access.. Much effort is. then taken to 
derive a simple model whose explanatory 
variables have the expected sign and are 
statistically significant. (See the 
^estimated coefficient** and **t-statistic** 
for the explanatory variables in Table 1 
of Appendix B.) 

In addition* the student must work to 
obtain the best over*'all ^it of the data 
and minimize the degree of autocorrela*' 
tion. (See the "adjusted R squared** and 
the *'Dublin-^ffat3on statistic*' of Table 1 
in Appendix b.) This process usually 
involves strong trade*'Offs between the 
latter two statistics and provides the 
student with a real world sense of fore*' 
casting problems rarely encountered by 
economic majors. 

After numerous structural changes of 
the model* the student selects that model 
which most closely achieves two objec*' 
tives. First* the model should have a 
high degree of explanatory power over the 
historical data period; second* its fore*' 
cast errors should be minimized. The 
latter is diagnosed by dividing the his*' 
torical data into a sample period and a 
forecast test period. The model is then 
used to generate predicted values of the 
dependent variable that may be compared 
with the actual values. This process is 
especially important during established 
turning points of specific cycles for 
variables classified as ''cyclical.*' 
(See the actual* predicted* and forecast 
values of a selected variable in Table 2 
of Appendix B.) 
The Forecast 

Once the structure of the model is 
chosen* the student uses his best judgment 
of the values of the exogenous variables 
during the forecast period. This period 
is defined izi the short^run* for example 
1979:4 through 190014, to minimize fore*' 
cast errors. These values are selected 
based upon expectations of professional 
economists and business leaders concerned 
with macro*'economic forecasting as 
repO£i:ed in recent issues of numerous 
journals and magazines. 

The student then plugs these expected 
values* or a range of values* into his 
model to produce ''conditional ex ante 
forecasts." These forecasts may Be 
altered if student expectations cast 
doubt upon the likelihood of the model's 
results* i.e.* the **judgmental forecasts." 
It is in this last phase that the~ student 
comes to appreciate the limits of 
computer*'based modeling and the impor*' 
tance of pereonal* informed judgment* 
common to all large-scale forecasting 
models. 
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Onci> «ach student's structural node! 
and forecast have been completed^ th« 
forecast of 6HP and inflation is don« by 
using a reduced fom node! with the exog- 
enous variables and predetermined endog- 
enous variables used in each student's 
own structural aodel. This step pemits 
each student to discuss his research pro- 
ject with vther class neobers* while pro- 
viding each with an awareness of the 
inter*relatedness of their work. 

CONCLUSIOH 

the end of the senester each stu- 
dent has becme fully iranersed in a 
highly technical research topic* Each 
has related previously learned economic 
theories to empirical model building 
using regression analysis on time series 
data. tVith the aid of the TSP software 
and the college's cdttputer hardware* each 
student has acquired a sense of accom- 
plishment rare^ experienced at the 
undergraduate level. The blend of'^eco- 
nomic theory and computer-based techni- 
cal analysis often opens the eyes of 
undergraduate majors to a whole new 
world of excitement in learning. 
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Appendix B for an exa]iq>le of the 
Cochrane-Orcutt adjustment factor.) 

(2) Alnon* S. , "The Distributed Lag 
Between capital Appropriations and Bxpen- 
dituresf" Eoonometrica * Vol. 30 (1965), 
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for an example of the Almon Distributed 
Lag coefficient ) 
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Chiaholm* R. , and-G» Hhitaker* Fore- 
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the U^rtext coBi>uter system Is dea<?ril>ed In this paper* Although its applications are varied* the 
major emphasis here Is the use of this system In the educational environment* The major features 
as visible to the stud^t and Instructor are developed* For the Instructor* these features Include 
the use of Hypertext as an organlzatlofn and lecture presentation tool* For the student* Hypertext 
provides a model of Infonoetlon that mirrors a library yet permits a covputer^sslsted Instruction 
approach as Information Is perused* 



IHTROOUCTIOIf 

Hypertext* as an Information organising fa* 
cillty, was first described In 1970 (1)* The 
major entasis of this paper vlll be the use of 
Hypertext In an educational setting* Hyper^ 
text haB been iaiplemented at The University 
of Texas Health Science Center at Dallas 
and Is currently being used within the Medical 
Coo^tsr Science Department at that facility* 
thxt iij^lementation details of this system 
will not be described* though It Is appro^ 
prlate to describe the c(M|>utlng environ** 
ment within which Hypertext now functions* 

H^Tertext operates en a highly reliable* 
dual processor Tandem*lS minicos^tsr system* 
The Tandem*lS was deeigned to satisfy crltl^ 
cal computing functions; thus the archltec** 
ture reflects the design criteria with a 
high degree of redundancy* The total sys** 
tm philosophy Is to run nan**stop and. In 
fact* -a ' single hardware failure does not 
crash the'^^y^ttem or contamincts the data in 
any way The implementation language 

_ls_ TAL_tTandem Ji^llcatlon ^Langaage)*. a 
blocks-structured* ALGOL-lUce language* The 
TandwrlS Is capable of supporting page^-mode 
termlnalSf which permit user interactions to 
occur on pages of dsta* much liJce pages of books* 

Hlth the above as background* the remain** 
der of the paper will addroas the way Hypertext 
presents Information to both the instructor 



and ths student* Section 2 will describe the 
model of Inl'ormatlon that Hypertext presents to 
Its users. Section 3 will introduce the Instruct* 
or's use of Hypertext In creating lecture mater^ 
lalSf pt«i»enting Information In the classroom In^ 
teractlng with students* and maintaining current 
materials In the subject areas* Section 4 will 
demonstrate the student*s use of Hypertext* fthls 
section will describe the environment with respect 
to one course* althou^ general uee by the student 
could benefit the total educational p::ocess* , 
Finally* section 5 wI^hI sunurlze the Ideas pre^ 
sented and describe areas of further research 
uelng the Hypertext tool* 

Moc^ or THE mrPBRTEXT mnjmmn 

The basic unit of Information In Hypertext Is 
a pagei the user Is provided an environment of 
pages and relationships among those pages* Bach 
page In Hypertext Is owned by an individual from 
the comnuAity of usere and may bedeclar^d private, 
preventing other users from reviewing Its. con' 
tents* However* the |>hllosophy of Hypertext Is to 
provide an environment of Information sharlngi 
thus typically taost pages are public* accessible 
to the cosamnlty of users* 

Sach ^pertext user enters the system 
through e page designated as the top page or 
entry page* Hben the ussr le Identified to 
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Hypertext taid verified as a valid user, the top 
-page-of that user -is-lnmediately presented to him. 
The user is then in ca«ntand inode and mayi 

1) edit InCormation on the current page* 

2) viev another page via a menu selection for^ 
mat available on the current page. 

3) view another page via an 'jnplicit relation- 
ship between the current page and the "next" page* 

4) view another page by explicitly naidng the 
page of concern* 

5) establish a new page and fonnallze a rela- 
tionship between the new page and tbe current page* 

6> establish a relationship between the cur* 
rent page and 9oroe oth^r already existing page. 
The above operations are by no means exhaustive* 
but identify some of the major functions that re- 
late to the educational use of Hypertext. 

BElATlCnSHIPS AHOHG PAGES HYFEKTEXT 

Sach page within the Hypertext system is giv* 
en a unique page nunber that is available for dis- 
play along with the informational contents of the 
page. This system- as signed nutober is an explicit 
method of establishing inter-page relationships. 
Any page csn be created or altered to point to 



another page by inserting a "HITFERJUHP" to that 
page nuaber. Any nun^r of pages may bo^ related 
to a particular page by linking them in the above 
described manner. The Hypertext system imple- 
ments the linking by providing the user a numeric 
selection menu of pages (numbered sequentially 
from 1] which are accessible fy<m the cturrent 
page, permitting the user to mbtrely select the 
page of interest by depressing the appropriate 
numeric key. 

The above environment of pages is illustrated 
In the following example representing one user^s 
top page and its set of possible relationships 
with other pages. (See figure 1 for a graphic 
model of the example.} In this exanple the top 
page provides for tbe selection of one of three 
other pages. The other pages includes 

1) a page containing "things to do" with no 
additional relationships. 
^ ' 2) a page containing the current classes 
taught by the instructor (e.g* FORTHAHr OOBOLf 
eto.) and additional access to the rosters of 
each of those classes* 
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Figure la. An exasple Hypertext organisation for an in^truotor 
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3). .a.,page:,contalning._coutses .already -develop-. 

ed in Hypertext «Lnd the capability to access the 
index of each course via Uw menu selection pro* 
cees* Each coarse (only the FOtitttMi coilrse is 
illustrated) vill consist of pages linked together 
with the possibility of many routes through the 
course materials depending on the user's resP^ses* 

mVEttSiNG PAGES IN HYPEKTEXT 

l^pertext offers its users a variety of op- 
tions for traversing its pages. This section 
vill not attenpt to describe all the options but 
will try to convey the atmosphere offered by Hy- 
pertext* Tliere are several aids available to the 
users a& they peruse Hypertext, including: 

1) the ability to retrace pages already 
visited* 

2) the ability to place landmarks (either in 
a t^i&porary node or permanent mode) on pages so 
that the user can directly return to a visited 
page of interest. 

3) the ability to proceed forward through 
pages* 

The traversal of pages can be illustrated via the 
previous example (the instructor's Hypertext)* 
consider a typical set of operations that an 
instructor might wish to accomplish*. 

1} add "grade 00001. exam" to the list of 
things to do. 

2) drop **£d Jones" from the roster of the 
rORTRAN class. 

3} review the FOF«rBAN lecture material that 
will be presented in class the next day, 
^ will assume the user has successfully logged 
onto the I^pertext system and is currently 
positioned at the top page* 

To accomplish It 

'select the "things to do page** by depressing 
1 

•indicate the desire to edit the page (ediT 
command) 

-alter the page to reflect the added item 

(grade COBOL exair) 
-back up 1 page (now positioned at the top 

page) 

To accomplish 2t 

^select the "classss" page by depressing 2 
'salect the "FORTRAN class** pa9^ ^ depress- 
ing 1 

-indicate the desire to edit the page 
-alter the page by deleting the line contain" 
ing Bd Jones 
-back VP 1 lambuirK (the top page is an im? 
_ plicit landmarks thus we are nov back to the 
" top pa^ 

To accou^liflh 3i 

^-select the "Courfles** page by depressing 3 
-select the "FOttirRAH course" page by depress* 
ing 1 



-'review the indexi select, the. appropriate . . ^ - 
topic of the lecture and depress that 

"review the pages of the lecture one at a 
timei altering the contents of any pages as 
desired and selecting the next page by de- 
pressing the RETDRH Key or function key 16 
(the last page of the topic normally points 
to the index page) 

-return to the entry page by going back 1 
landmark 

As the instructor peruses the lecture contentsi 
there is ample opportunity to thoroughly test out 
all branching situations (via the back page func-» 
tlon) and to alter text that has changed or is 
incorrect* Alsoi the instructor can quite easily 
construct additional materials and link those at 
the appropriate point vhile traversing the course 
materials* 

TH£ INSTRUCTOR ENVIRONKBHT 

The previous section hinted at some of the 
facilities available to indi^fidual instructors* 
Ihis section will explore those aspects related 
directly to the teaching function and how Hyper- 
text can assist that function in most instances* 
Previous work has shown the delete utility advan~ 
tages of incorporating the computer into the pre- 
paration and delivery of course materials (3)* 
the current Hypertext system significantly extends 
the previous worK by providing the following 
additional functions-, 

1) the ability to traverse course materials 
in a very flexible mannerdandmarksf backing up^ 
skipping, etc.)* 

2) the facility for enA>eddingf within a page, 
a call to an external program thus providing for 
an open ended system with respect to sijnulationSf 
demonstrations, etc* 

3) a dynamics easy to use organization tool 
for creating and auintaining course materials. 

4) a framework for conibining materials to be 
presented in class with CAI materials to be taKen 
by the student outside of the classroou* 

The flexible approach toward visiting pages 
within the system allows the instructcn: to create 
course materials that suffice botli for in-class 
presentation and for self-paced instruction* It 
permits the instructor to include additional 
material based on the response of the class* It 
also allows the instructor to leave more detailed 
ea^lanationsf examples^ and problems for the 
students to discover on their own outside of class* 

As as example of the above consider the pages 
of information shown in figure 2, a short segment 
of a FORTRAN course with branching possibilities. 
In an in-class presentationV the instructor can 
request* from the claaSf responsas to^ the question 
contained in paga 200* It may be apparent that 
the majority of the class understands the concept; 
thus the instructor can select to disregard foU 
low^P cf the question and go direct?^y to the next 
block of materials to be presented^ beginning at 
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Figure 2« o^pical text In an instructional s«9iaent 



page 204« However^ ther« way very well be some 
students that do not undsrstuid the question and 
Interactions that transpired and do not stop the 
Instructor to request additional information* 
Ihis segment of the population could turn to the 
CAI ttode of Hypertext and review the question on 
their own. 

Finally^ from the instructor perspective^ a 
highly reliable computing system is essential* 
So far^ the experience with Hypertext has been 
quite good; there have been no system crashes 
duriug the approximately 60 hours of in-class 
presentations given to date* 

STUDEKT BHVXKO«KEIfT 

AgaiUf earlier work describing the class^ 
room use of conputers and student benefit^i 
apply in full to the Hypertext system 0). 
Briefly^ thes^ includei 
D.no.requirejaent for extensive note taXing. 

2) a clears consisteut preusentation medium. 

3) an outside of class CAI facility for re-^ 
view of the in-class materials. 

Kith Hypertexts as pointed out above, the Juno- 
tions available to the instructor are significant^ 
ly extended. Die student profits as well^ as 



Hypertext allows him to access infortnation the 
Instructor has created in a friendly^ reliable^ 
and flexible maimer. Although the student does 
not have the capability to alter this Information^ 
he may get a hard copy of any pages that are 
reviewed. Of course^ the instructor may permit 
the student the ability to create pages. ?or 
example^ cousider figure 3 as a possible student 
view of Hypertext. The top p^ge permits the 
student to organi^s each individual course of 
interest withiu Hypertext well as his total 
educatioual environment. student use of such 
a facility^ with easy access to a reliable com- 
puting resource^ would indeed promote a creative 
and exciting euviroiwnt. 

SUKKARY 

Hypertexts as a tool to assist the presen-^ 
tation of information both in and out of class* 
has been presented. An overview of the Hyper- 
text environments as well as its uses from both 
the instructor and student vantage point, has 
been ds scribed* 

Use of the cofuputer in the classroom has 
been slow to develop due to the lack of support* 
ing software and hardware. A reliable coasting 
system with a creative enHronmeut such as 
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Figure 3t BatajqpL« Hypertext for a Btu4ent 



Hypertext should fAclLltate the use of cOMputers 
to a«slet the educAtloiiaL procewst Som ureas/ 
iMtsbly tlM r«LlaiblIlty and interface/ have been 
extended from earlier voxfc iz)f howevert there 
r^amaln ao«ke exlatdUig areas for future reaearch* 
1!he ability to provide a uaer-^rlented graphic 
facility eoibedded within a system aucb aa Hyper-^ 
text is an outstanding problem. Alao, the ability 
to Provide quality video display for a large 
audience requirea additional i^rk* 
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ABSTRACT 

Proframs to teach people how to ii$c computer 
product! (hirdwiic and softwaie) often do not joect Uie 
needs of the divene audience of users* The needs of one 
froup may vaiy ccQsidcmbly horn the needs of another . A 
lai exists between the hydti4ike trowth of the computer 
hatdwace and softwnre industry* and the technotofy for 
tetchini Gustomen* This paper describes a practical 
teachiin technique which has proved successful at 
Informatics Inc. 

Teachini dedfos ate based on identified procedures. 
TUs apt»oach 1$ represented by a network of relationships 
nnd interactions.. The process starts with recognizing the 
audtence sefmeou tot whom the couraes Bhould be 
developedt specifying their teaming objectives, and 
plauning a dc^gn customized to user needs. Brainstomning 
for ideas and selectittg the most relevant comes next. After 
the form of presentation is drafted* at least two dry runs 
are conducted before representative audiences. Feedback 
tocollectedt analyzed^ and evahiated; results are integrated 
into the evoWing course* A Hetd test at a customer site is 
the next step; more feedback is collected, analyzed, nnd 
evahiated. Finally^ the validated responses are inte^ted 
into the courseware to produce a tested and useful 
edttcationa! I^ogram* 

INTROOUCnON 

Helping customers learn how to use software 
products is an important element in the destgn of those 
products. Some customers need technical trailing to 
install^ implement, and support a product at their fadlity; 
otbera tfted to kam to use the ivoduct for reporting or 
pro^ashig data* MecAlQg ihoee needs |s job of 
ediicafion development spec^ts in dte Product 
Communications Croup of Informatics Inc. 

The Product Communications Croup Is a part of 
TeduUcal Product Sun>ort; It Indudes technical writers* 
eiUtors, graphics destpiers, and education developers* 
These communications specialists work together to 
document software products and to design courses for 



training customers. Their work b^ns early in the design 
of the product; software documentation and their teaching 
techniques are considered integral parts of the 
product package, 

During the creation of teaming activities at 
Informatics* the education development spedaltst is 
involved in a set of relationships and interactions (hat can 
best be illustrated as a network. Thb network desKn 
includes a systematic process for seeking relevant 
information to improve both course designs and teaching 
techniquet. Figure 1 represents this process of continuous 
interactions and decision making, 

ID1^4TIFVING THE USERS 

In the computer industry^ hardware or software 
products are manufactured to meet the needs of a wide 
spectrum of usen- The first step in teaching techniques is 
to identify the audience segments of this spectrum — the 
people for whom the courses should be developed. For 
most practical purposes^ two major audience segments, 
the end users and the technical support personnel, can 
be defmed: 

1. The End User Audience. This segment of users 
usually includes managers, clerical personnd, 
and casual programmers. The end users nre, in 
general* not a data processing-oriented group 
because their primary interest is in their 
particular job; data processing is on^ a means to 
some other eiid. 

2. The Tecfmkat Support Audience. Thissegment 
includes the support personnel, mainly data base 
administrators (DBAs)* system designers* system 
programmers, and appUoMion programmers. 

Depending on the level of complexity of the Product, a 
plui Aotdd be developed for subdividing each audience 
segment into smaller segments with users of similar 
bwkgrounds and job requirements. 
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THE DYNAMIC CYCLE OF 
EDUCATION DEVELOPMENT 




Figure 1 
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IDEimnnNG USERS* LEARNING OBIECnVBS 

The seccmd step is to identify the tcaroins objectives 
whkb refle0 the needs of each audience seyment. For the 
two i0$ior groups of tisen* two sets of objectives 
are fdentlfied* 

The end users need to know how the product can be 
used to their benejit aihd how to obtain the information 
which answefs jolKeUted questions and solves their 
pnrtitenu. The following set of learning ottjectives might 
be developed to reflect end users* needs: 

* To obtain job-related information. 

^ To acquire a basic level of skills essentia) to the 
use of the product. 

* To explore and identify the capabilities of the 
product for soKing problems. 

Tbe technical audience iwds to knw how to solve 
more complex problems — bow to keep tlie product 
rtuudof enidentty, maxtmiiing the benefits to th^ 
orfitttzalion. The leamlni objectives developed for the 
technical support personnel might be represented by 
the foUowiog: 

* To understand the difficult concepts and 
procedures which with the ictivities 
associated with the product. 

* To explain andi where neoessarVf customize the 
product to meet the end users* needs. 

* To identify the specific securityrequireroents and 
the constraints that can be imposed upon the user 
for eflidency or security purposes. 

PREPARING THE DESIGN PLAN 

Tbe educational courses are developed to satisfy the 
learoifig ctolectlves which rdkct the needs of the identiTied 
usen. The procedures start with gathering infbrmation. 
The education development specialist interviews a diverse 
crost^sectlon of ^pedallxed personnel; they contribute 
ideas and techniques relevant to course development^ 
wbkh might shape the product learning proms. People*s 
cootributions are based on personal expoiences in the 
fMd during interaction with similar users or on ideas from 
published sources* or they are gathered from colleagues. 

The next procedure is ana^sis to find out how to fit 
lOgether the collected ideas^ bow to look for the simplest 
md most relevant approadhes to be used in presenting the 
capabilities of tbe product to the users, and bow to 
produce a design covering all of the important and 
practical aspects of the product. Once the overall design 
plnn .is cstabUsbed* skills needed to accomplish each 
ob^^ve are specified and written down to form the basis 
for group iUtcussion. tn ituSustry* they refer to this group 
as the document specification r^ew committee. The 
committee members are representatives of the same 
groups who contributed Hw* They are called to review 
and comment on the desifn plan and the proposed 
fpedflcntiODi* As a result of the document spedflcation 



review committee meetingt the education specialist revises 
the form and content of the evolving course and lebuitds it 
into a coherent datgn. 

COURSE MEDIA 

The media in teaching are generaUyi handouts* 
overhead projector transparendes* the board* and the 
instructor's guide. This guide should be prepared carefully 
to provide consistent instruction. Wall charts are also 
important course media; they are developed for 
continuous reference during class session. Examples of 
wall cbarts used for^ IMS/VS environment data structure 
are shown in Figures 2 and 3. Figure 2 is intended for the 
technical group who normally looks at a hierarchical 
structure of logical statements* f^om top to bottom* 
Figure 3 is imended for the end users, presenting the same 
concept in an approach that deids with building a 
relationship within a framework of reference* a readable 
left-to^right flow* 

TIME AND PLACE CONSIDERATIONS 

Time and place must be considered in course 
devdopment techniques. The duration of the course* when 
in tbe sales/installation cycle it wiU be taught* and where U 
will be taught all affect the design of the course* The 
education specialist has to ask some questions about 
timing: Is the class needed before tbe installation of the 
product? If so* this may give the technical aroup an 
opportunity to become awaie of wtiat is expected during 
the installation procedures. Should it be taught during 
installation? When does the end user need the 
information? The education developer also has to consider 
location: Where will the course be taught? Will students 
have access to terminals? WiU actual data bases be used 
for examples? Tlte choice of customer site or a regional 
office has impact in these areas* These decisions are made 
by product management, marketing, and product 
communications after considering both technical and 
markethig needs. 



IMPROVING AND EVALUATING THE COURSE 

The process of course development starts with laying 
out a ptelimhiary design resulting from selected ideas and 
committee discussion^ To improve tbe course, dry runs are 
conducted before an audience representative of the group 
for whom the courseware Is being developed. These dry 
runs help determine the effectiveness of the instruction, 
which is measured by the feedback collected after each dry 
run. Changes to the course are introduced, and the course 
is retested in another dry run before a new audience; more 
feedback is collected* evaluated* and compared to the 
results collected fl^om earlier tests. This comparison 
measures the degree of improvement. 
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SAMPLE USER DATA BASES 



PIANT 



PUMTJD* 
PUNTiMME 
PUHT*?HONE 
fiAMT^RfGION 



SKIU 



SKILL 







SKILUOOD£ 
SKILUNAME 



FTOD 



fR00*C0OE 
»100*DESC 




EMP^NAME 
EMP^EK 




PUMTJD 




SALYEAR* 

SAL.VTD 

SAUDED 




ED.VEAR 

EDJ>EGREE 

ED^HOOL 



8US*NAM£ 
5Uft*0RAD£ 




EMP*NO 



* DENOTES SEGMENT KEY FIELDS 



FtgU»2 
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BUIU)ING A FRAMEWORK 
(defining relationships) 



PLANT 



PL/WT.D 
PLANT. NWiC 
flANtPHOTE 
PLANT REGION 



PRODUCT 



EWLOf^EE 



PROaCOOE 
PROaOESC 
PROO.AMT 
PflOCCfTY 



EMRNO 

EMP.NAh€ 

EUP.SEX 



SALARY 



SALYEAR 

SALYTO 

SAL.OeD 



SKLL 



SKia.COOE 
SKU..NAhC 



coucnnoN 



eavEAR 

EaSCHOOU 



• PLANT - 
PLANT. D 



EMRNO 



SUB.NAMC 
SUB.GRAO 



I^gure 3 
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VAUDATING AND INTEGKATING THE 
INSTRUCTIONAL DESIGN 
In industiy, i>rodiict commutucatiQns group should Dot 
release the course to the field before a field test at a 
customer's tocation. After teaching the course to the 
intended audience at a customer site» the developer and 
course instructor collect writtea and oral comments thai 
aid the developer in detenniniog the degree of success in 
achieving the identified objectives for the course. The field 
test itself indicates that the minimum cvaluatioa effort in 
producing a |)roduct kanting activity is accomplished. 
Responses produced from the field test reflect the attitudes 
and feetings of the users to the course kaming materials. 
In the process of validation, some of these responses are 
considered very useful to field instructors and are 
integrated in the instructor's guide to assure that field 
instructors are aware of users' expectatious. Other 
responses may lead to the etimination of misconceptions in 
the course presentation. These changes are made before 
the Hnal release of the learning document; however, no 
attempt is nuide to customize the instructional activities to 
every individual customer's needs. Examples are set to a 
tyiNcal and general api^kation familiar to usets. These 
examples an be modified, based on users' feedback, to 
become more realistic in the final touches for refining the 
courseware product. 

SUMMARY 

In summary^ the iostnicdonal design technique that 
produces a successful learning activity should follow 
these criteria: 

1 . The learning activity or class material is desEgoed 
to achieve specific learning objectives. Mainly, 
these objectives are to impart the knowledge of 
the product capabilities to the usors and to enable 
them to use the product efficiently. 

2. The learning activity is designed to ofTer 
repl/cable instruction, that is^ instruction that 
can be taught in the field setting by any of the 
field instructors. The instructor's manual serves 
as a guiddine tcv assure comistem mstruction. 

3. The learning activity is designed so its 
effectiveness can be tested and demonstrated. 
Typical problems^ based on user needs^ should 
be solved in class. Hands-on practical 
application of what has been learned should also 
be provided. 



V .USION 

L 4ae products and their instructional activities 
should be devdoped to work for the users' benefit. Users 
are encouraged to be a part of this dynamic process of 
education development. Their feedback is needed in order 
to icam how the product and its learning process can be 
made to work better. 

Product educ. ion development techniques and the 
evahiation cycle have no time limit. They start with 
brainstorming but never end as long as the users are active 
in monitoring the product and its educational programs to 
service their job-related needs. ' 
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CONSIDERATIONS AND GUIDELINES POB DEVELOPING 
BASIC SKILLS CUERICOLUH H)R USE IflTH MICBO- 
COMPUTER TECHNOLOGY 

Bobert U,^ C&ldvell 
Division of Education^?. 'Studies 
Southern Methodist University 
Dallas, Texas'75275 
<214} 692-2347 



The avallabll^ ; of low cost micro- 
computer technology is creating a revolu- 
tion In education^ Institutions of all 
types can now take advantage of the many 
benefits offered by coinputer^based educa* 
tlon at a cost that Is easily affordable 
for most. In addition, advanced micro- 
processor technologies Interfaced with a 
wide range of audio-visual devloes In Just 
a few months have Increased the oapablll- 
tles of mloros to include color, graphics, 
animation, and music and speech reproduc- 
tion. In short, microcomputers have made 
available an extremely flexible and power- 
ful teaohlng medium at a prloe that Is 
finally cost-effective for most users. 

In response to this growing Interest 
In the use of mlorocomputers in Instruo*' 
tlon, several major publishers currently 
offer limited curricula In basic skills 
for delivery on microcomputers. A nvtm- 
ber of school districts such as the Dallas 
Independent School Dlstrlot and those dls** 
trlcts affiliated with the Minnesota 
Eduoational Computing Consortium also have 
developed materials whloh cover a variety 
of skill areas. Because of the slgnifl^ 
cant expenditures associated with develop- 
ing these programs, however, most of them 
are limited in scope and employ a rather 
narrow range of teaching strategies and 
machine capahillties. In addition, few 
of the individuals ourrently engaged In 
Instruotlonal develr ^<.iat have had much 
experience In uslnf tls^ly interactive 
medium like the mlc omputer. As a re** 
suit, much of what passes for courseware 
today neither helps to develop higher 
level cognitive skills nor challenges 
learners to use higher order learning 
strategies. Mosi lessons utilize a drill 
and practice format lb whl^h the computer 
asks a Question and requires the student 
to re^ond. Many so oalled tutorial pro** 
grams are no Iniprovement. They merely 
present segments of exposltorjr text and 



then display questions to test the student^s 
comprehension of that text* This sort of 
of Instruotlon has Its use but Implies to 
most educators that the computer's power 
lay only In Its ability to present text 
and ask Questions. This form of Instruc- 
tion serves to reoreate the very worst of 
what presently ocours in a traditional 
classroom whllp Ignoring all other teach- 
ing strategies tnat oan help develop leam^ 
Ing styles and learner lndependenoe(Garson, 
1980). 

To complicate this problem further, 
some oompanles are now developing author- 
ing systms which will allow classroom 
teaohers, students and curriculum devel- 
opers to create their courseware through 
a process which utilizes templatlng and/or 
menu selection. To be sure, many edu- 
oators will use these processes to create 
exciting programs which utilize the 
system's capabilities to its fullest. 
Many others, on the other hand, will 
duplicate the type of programs mentioned 
above; they will need help, guldanoe and 
education about what microcomputers can 
do and how lnstruotlor> can be presented 
to take full advantag-^ of the unlQue 
features of the new technology. They 
will need explicit guidelines that will 
help them devise ways to make contacts 
between the learner and the learning 
experience more meaningful, more effl** 
clent and more productive. The purpose 
of this paper, therefore. Is to present 
specific guidelines for designing instmc- 
tlcmal programs that will be delivered 
on microcomputers so that those programs 
will use the capaolty of the microcomputer 
system In a way that will develop In 
learners a range of cognitive skills and 
help learners develop useful learning 
strategies. 
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GENSRAL FBATURES OF PKOGRAM DESIGN 

One of the most iinportant factors 
liihereiit lii programs delivered on com* 
puter*-baeed eyetems le their abllltF to 
adapt instruction trulF to the individ- 
ual needs of each learner* With this in 
mind^then^ programe of cocnputer-baeecf 
instruction should include the following 
general features (Caldwell and Kizza» 
1979): 

1. Learner Control over the 
instructional sequencers a feature of 
program design often ignored instruc*- 
tional designers. CertaittlF there are 
situations in which a presentation of 
instruction muBt be linear. Certain sub* 
Jects and concepts require it. In nK>st 
other cases, however^ consideration 
should he given to allowing the learner 
as much control over the learning 
sequence as possible. Options should be 
incorporated into the instiructional 
sequence which allow for review of pre- 
vious frames; for decisions about the 
type, difficultF levels and nunl)er of 
problems or exercises received; and for 
alternative branching routes that might 
lead -to the accoinpliBtimeat of lesson 
objectives in less time. In short, 
students should be given the opportunity 
to advance » review, and 'exit lessons 
except where such control defeatft the 
purpose of the lesson. This ability of 
learners to pace themselves provides a 
degree of individualization not present 
in purely linear programs. 

2. A system should be totally 
individualized and offer highly adaptive 
and responsive learning environments. 

By allowing s'Jlf^pacing a.u individ- 
ualized branching^ learners are helped 
to select the pathway through the 
materia!^^ that is most appropriate for 
their needs. 

3* programs should bs modularized 
and structured in coherent, hierarchial 
patterns. This type of organizational 
pattern allows for great flexibility 
in program implementation becaucie 
curriculnm materials specifically ad* 
dress each necessary skill in a defined 
content area in a manner that provides 
for development of skills not mastered 
or allows bypassing of skills which 
have already been mastered. This pro*- 
cess can reduce student frustration 
and increase curriculum effectiveness. 

4* All skills to be mastered 
should be carefully stated in £er<- 
f ormance objectives . The accuracy 
of a program is based on the specif ic 
definition of the objective in terms 
of performance competencies. Activi- 



ties allow for precise diagnosis of 
skills already mastered^ remediation in 
skill deficiencies^ and exact evaluation 
of learner progress. 

5* Progress sho ild be measured in 
terms of mastery of performance objec- 
tives. 

6. Strategies for diagnosis and 

f rescription should be used. The effic - 
ency of a program is due primarily to the 
diagnostic inventory made of the ekills 
of each learner. This information can 
then be used to place them appropriately 
within the curriculum and to direct learn* 
ere to the instructional material most 
appropriate to their needs. 

7. Programs should be, when possible^ 
multi^sensory in format, 

SPECIFrC GUIDELINES K>R IKSTHUCTIOKAL 
DEVELOPUENT 

Programs of computer-based education 
have been developed in a variety of de*- 
signs and formats. Some use drills arrang- 
ed in attends while others are built around 
a series of tutorial lessons* Uany even 
incorporate all or most of the features 
mentioned above. Within these programs, 
however, are characteristics of instruc- 
tional design that heavily affect the 
success of the instruction. The following 
ie a description of some of the more com* 
mon character let ice of lesson design that 
can contribute to instructional effec- 
tiveness and some that can seriously de- 
tract from it. 

Creating Text and Gr&Phix; Displays 

Ifany alternatives cad be used to break 
the monotony of lines of text filling an 
entire screen: 

1. Use graphics to box important sen^ 
tences or paragraphs. Boxes made of lines 
or keyboard characters do nicely to alter 
the visual display of text on a monitor* 
Keverse highlighting acC color can also be 
used -effectively to accentuate visual dis* 
plays. In addition, microcomputers can be 
connected to graphics tablets which make 
extremely interesting displays in almost 
any size or shape. 

Whatever is used^ it is crucial to 
interrupt continuous lines of text on a 
screen so that the screen does not look 
crowded and cause verbal overload in stu* 
dents* Too much text can have the effect 
of discouraging the learner^ especially if 
he/she is a poor reader. 

2. Allow the student control over the 
sequence of presenting text by breaking 
large portions of the text into discrste 
units or segments which the student can 
call up in sequence by merely pressing the 
space bar or some other key activated for 
this purpose. This procedure serves two 
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piirpoees: it allowe leamere to read at a 
rate that I0 appropriate for them^ and it 
breaks the readlns task into small segmeats 
eo that the reader le not overwhelmed by 
page after page of text on the ecreeti. 

3^ Anisatlone^ graphics^ cartoon char* 
acters and othto creative devices eerve to 
create variety and intereet In the dleplay 
which appeare on the monitor. Veed cre^ 
atlveiy^ these capabilities of microcompu- 
ter systems can contribute greatly to 
effective Inetructlonal programs. 

4. Double epace ,text material whenever 
poeelble to enhance the vlstial effect* 

5+ Use color to enhance the display or 
to highlight^ Whenever poeslble. One pro- 
grant uees color-coded feedback to dletln-^ 
^ulsh It from other text and to emphaelze 
k'^ coQceptc . Color Is also- useful In pro* 
vlding prompts and to direct attention to 
various portions of the screen* 
Creating the Instructional gsguencs 

1. As a general ruls. try to show 
Isamsrs rather than tell then, Ths ovsr- 
uss of exposition Is the single biggest 
mistaks Instructional dsslgnsrs make. 
They f sel as If they a^uet write a lectiire 
Into each frame or provide complex direc- 
tions^ instructions or explanations when 
they can very simply use graphics or the 
ability of ths computsr to erass^ rewrlts^ 
flash and svsn animate to nmks concepts 
cisar. <7bs preeentatlon which accom* 
panles thle paper illuetrates this point 
with & number of examples*} 

2* Kaks Isssons as Interactive as 
possible. Force learners to lAaXe 
choices; help them make declelone by 
providing them with options and altsm- 
atlvss. Simulation and dialog programs 
ars ths best Instructional strategy tor 
promoting Interaction^ but It can be pro- 
vided through other meaoe ae well: 
a. Menus 

Learners may choose from a variety 
of optlone within & leeeon or within s 
program by making cholcee from menue. 
These menus allow the learner flexibil- 
ity to pursue hls/hsr interests or to con- 
trol ths ssquencs in which topics ars pre* 
sented* For example^ a language leeeon 
which ^leale with predicates might allow 
studsnts to accsss concepts which have no 
particular Instructional sequence. Flgurs 
I lllustratss just such a wan. 
b» Psrfo.rmancs Options 

Learners should bs givsu a varlsty of 
aetlvltlss and choice of contsnt. Tutors 
lals should bs accompanlsd by crea^^lve 
drills or inetvuctlonal games that rein- 
force skills as^ Information and snhancs 
tire Interactlvs tiaturs of tlis Instruc* 
tlcn^ These games and drilla can stlmulats 
ttotlvatlon hy capltall2(lng on a novelty 



Plgurs I 
PREDICATES 

Which would you like to study; 

1* Predicate Hcmlnaelve 

2. Direct Object 

3^ Indirect object 

A* Predicate Adjective 

5* Reviev 

Linking verbs 

b^ Action verbft 

c* Adverbs 

Choose a nuffider or letter 

> 



effsct. Coznpetltlon In the games can bs 
against other studsnts^ ths computsr It- 
self^ tiiDs limits^ or psrformance criteria 
set by other studsnts <s.g* ''the bsst scors 
on this gaine to dats Is " or *'the bsst 
tlms for this game Is ") > 

A word of caution is approprlats here» 
howevsr. In an attempt to bring novelty to 
tbslr programs » some dsslgnsrs havs defeat- 
ed their own goals, in ons such Issson 
students ars sncouraged to savs a tiny man 
who is standing In a deep pit ivm a largs 
heavy stons which Is slowly rolling down a 
hill on ths left elde of the pit* Thle 
teat Is accompllehed hy eolvlng a eerlss 
of math probleme eucceeefuliy . With each 
correct response the man moves up the right 
slds of ths pit toward freedom. If the 
learner falle to get the problem correct^ 
however^ the stone rolle cloeer and dloser 
until It svsntualiy falls Into ths pit and 
squashss ths poor fellow. In an obssrva- 
tlon of this ssqusncs with ssvsral child- 
rsn» a number of tbem choss to see the man 
get equashsd with ths full knowledgs that 
to do so thsy must fall every slngls math 
prohlem presented to them. This sxerclss^ 
thsrefors, did llttls to dsvelop math skills 
but did much to distract ths learasrs from 
ths true Intsnt of ths issson. 
c* Prompts 

Ths power of computer-^bassd Instruc- 
tion rssldss In Its ability to shaps learn* 
er bshavlor toward learning outcomes In a 
way not posslbls with most othsr msdia. An 
in^ortant factor In shaping hshavlor Is ths 
use of prompts. Dsslgnsrs who Ignore ths 
use of prompts often turn the Instruction 
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into a gueeelng game. For example, a nuniber 
of math programs currenxlF available preeent 
problems then elmplF reepond to the learn* 
er's Incorrect responee with a "Mo, try 
again." Thie type of feedback gives the 
lei&rtier no information about how he/ehe ie 
doing; it only promotee gueseing until the 
correct answer is discovered^ Prompte such 
as, "TOO high, try again" or "Reroeniber, 
carry the ones," on the other hand, pro*- 
vide learnere with guidance toward the 
correct answer. Without them, interaction 
becomee meaningleee. More about prompts 
will be eaid later in this diecussion. 
d. Task Deecription 
Learnere are very often mieled about 
what it ie they are supposed to do or how 
they are eupposed to respc^d in a given 
exercise becauee the inetructlonal deeigner 
hae confueed the task for them. The follow-^ 
ing i^ a perfect example; in this leeeon 
the Ii^&mer is preeented with the task of 
dietinguisbing complete and incomplete 
eentencee: 

The store cloeed early. 

Type camp (for compiete)or inc(for 
incomplete) 

The task here ie clearly discrimination 
between complete and incomplete eentencee^ 
but it ie confused by asking the learner to 
type "comp" or "inc." The instructional 
eequence is marred not only by a poorly 
designed drill and practice but also by a 
poorly conceived reeponse format. As im*- 
proved version would eimply aek the student 
to reepond by typing a I for complete (or a 
c) or a 2 for incomplete (or an i) , thue 
focueing attention on the diecrimination 
taek rather than the typing task. 

Task confueion can aleo be lessened or 
eliminated by providing learnere with a 
snxnple exerciee before they are engaged in 
a drill or a quiz^ 

Input and Response 

1. The method an inetructional de- 
signer chooses to facilitate learner im*- 
put and reeponee ie largely a function of 
the type of learning outcome desired. Hee* 
ponee modee moet cooomonly include typed ree- 
ponse^ touch reeponee or light pen reeponee. 
The first criterion for chooeing one of theee 
modee is whether the recfponse will help 
reach the objective of the leeeon. One 
illustration of thie rule is in the ex- 
ample cited earlier in which etuffdnte are 
asked to discriminate between com«>Iete and 
incotaplete eentencee. In thie caee a typ- 
ed reeponee was inappropriate to the objec- 
tive of the leeeon. In fact, typed reepons- 
es in general eeem prone to high error ratee 
iMcause of the nature of typing tasks (Cald- 
well, 1974). Typed reeponeee also hecome 



time consuming especially It learnere are 
unfamiliar with the keyboard. This problem 
can have the effect of dietracting learnere 
from learning the concept being preeented. 
A related problem ie that many errore in 
typing are judged by the coioput^r to be in* 
correct responeee, and therefore etudente 
are routed to remedial sequencee or to eeg* 
ments of the leseone they have juet been 
through . 

Similarly, if typed reeponeee are not 
carefully cued, learners will often be for^ 
ced into cloeed loope; that is, they try to 
find the correct answer by typing randCM 
reeponeee. When thie problem occurs leam^ 
ers have little idea about what is expected 
of them and become frustrated trying to find 
the response that will advance them to the 
next frame. Thie conmon error in instruc- 
tional design hae an extremely negative 
effect on learners. 

Some advantages can be found in the 
typed reeponee, however, which are not pree- 
ent in forced choice reeponee modes (Cald- 
well, 1974): 

a. Learnere seem to exprese more f avert- 
able attitudee toward writing and the uee 
of verbal language. 

h. Spelling ekills and the ability to 
generate language improve. 

c. Personalised feedback ie made poee- 
ible through direct entry of student namee. 

2. Aq mentioned earlier^ re^onse by 
direct entry ehould not be required of a 
etudent without an example or a practice 
exercise. T&ie can prevent learnere from 
making errors in the practice exercises. 
These errors can hecome important^ particu- 
larly if one ie ueing reeponse data to 
hranch learnere or to do item analysis. 

3. A number of other helpful euggeetione 
can be found in the guide to developing ins- 
tructional software developed hy the Hinne- 
sota Educational Computing Consortium (1980). 
Some examples from that guide follow: 

a. Be consistent in the way questions 
are asked and the required format for ree^ 
ponsee. Do not code answere unlees it ie 
neceeeary. Hequest the reeponeee of YES or 
KO rather than coding responsee such as > 
TE8 and 0«N0. When proceseing theee anewere 
check the firet character to determine if it 
ie **Y** or ^^N*". If it ie neither, erase the 
student^e anewer and re-ask the question. 

b. Aek queetione while the information 
needed to anewer them ie etill on the screen. 
DonH ask a question then change the screen 
to ask another one leaving the choicee for 
response on the ecreen just eraeed. If 

the etudent muet chooee from a fixed eet of 
options, then thoee optione ehould remain on 
the ecreen throughout the quiss eequence. In 
some casee it ie helpful to allow etudente 
to go hack to formerly displayed frames to 
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refresh their oeaorlee. Thle review le 
accessed by msans of tbs HELP ksy« 

c. Put options for a qusstion In a 
colunm. Do not Inifbed them in a eentence. 
Optlone having multiple words ehould be 
coded with auotibcre or lettere. 

d. Anewer checking after accepting In- 
put dessrv^s spsclflc considsratlon. Don't 
ask a qusstion and sxpsct a vsry spsclflc 
answer* For sxanpls^ If the qusstion Is 
*irbat 18 ths capital of Hlnnssota?'* soms 
Isamsrs might answer^ "The capital Is St. 
Paul*" If ths rsficponss judging Is too rlg*- 
Id and la looking for just '*St. Paul*' tbls 
studsnt's answer would be wrong* It Is 
thsrsfors vsr^ Important to do ksyword 
matchss ratbsr than a match on ths whols 
answer sntsrsd. 

AIso^ whsn looking for corrsct answers^ 
consldsr how many timss to allow a studsnt 
to sdss a qusstion. A typical method ussd 
b^ many dsslgnsrs Is to ask a qusstion a 
maximum of thrse times. This way, ths 
Isarnsr has tbs opportunity to bs prompt- 
ed twlcs* Any mare than thres tries se^ns 
to Indlcats that ths studsnt has not mas- 
tsrsd ths concept and It Is bsst to move 
hlm/hsr on. Howevsr^ It Is a good idea 
to ask ths same question again later* 

4. The number of queetlone preesntsd 
during a formatlvs svaluatlon Is the sub-" 
Jsct of consldsrabis dsbats. Esssntlally, 
the number of qusstlons prsssntsd In any 
ons sxsrclss Is dspsndsnt upon ths obJsc*> 
tlve bslng asssssed. As a gsnsral ruls, 
howsvsr^ flvs (5) Is a nus^er that sssns 
workabls for most Isarnsrs. It Is a 
stttflclsnt nunAsr to asseee progrees to- 
ward mastery of the objective and requlree 
Just enough time eo that the exerclee It- 
self doee not become tiresome for tbs 
learner* Five items Is a good number for 
generation oi Item pools aleo If one usee 
the guideline that three timee the num*- 
ber of Items sbould be written as are 
preeented In tbe exerclss. 

5* One must also bs wary of ths type of 
Information Isarnsrs ars psrmitted to In-* 
put. For exmplBt a common practlcs In 
many computsr-asclstsd Isssons Is to ^sk^ 
"What Is your name?*' or 'miat do your 
frlsnds call you?" Ths purposs of such a 
qusstion, of courss^ Is to uss this Infor- 
mation latsr to provids personalized 
feedback or to uee the learner 'e name In 
the content of the preeentatlon (e*g* 
^*USMO to: Johnny**}* Tbis practlcs can soms^ 
times havs disestrous effects if the 
learner decidee to get cute^ One etudent^ 
for exmplBt wae obeerved to enter "Idlot'^ 
to Jugt euch a question as thoss cited 
abovs^ All succssslve fsedback after that 
reeembled statemente such ae^ "Ho^ Idiots 
try again** or '^Oood work, Idiot." While 
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thle type of reeponee can delight learnere^ 
Ite overall effect le one of dletractlng 
tbem from the purpoee of the lesson. 

Rglnforceteent 

Conslderabis spacs has bssn dsvotsd In 
this papsr to suggestions regarding respone- 
es to various typss of Imput. Ths ssctlon 
dealing with prompte eervee as a good ex*- 
ample* Generally^ reinforcement sbould be 
specific and directed at providing Informa- 
tion that will help ehape the learner^e be*> 
havlor toward the deelred learning outcome. 
Ae an llluetratlon^ conelder the following 
sample se<iuence: 

;:-^Add - ing to the word—** 

Come> 

(Here etudente are required to transform 
the word by retyping It with an *-lng end- 
ing*) A correct responss on ths first 
try would warrant posltlvs rslnforcement 
such as "great, euper, well done, excel- 
lent." These and other reinforcing etate- 
mente can be generated randomly from a 
Ilet of 20 or 30 poeelble etatemente. in- 
correct responeee on the other ^und, 
ebould follow a pattern of prompting which 
ehould lead the etu<^ent to the correct 
answer. For example: 

First incorrect response : Come> 
cbmelng (drop ths s)* Ths studsnt Is 
cued by reminding blm/hsr of ths ruls 
undsr exainlnatlon (drom the e}* 

Second Incorrect reePonee : Come> 
comllng (come + Ing). Here the learner 
trlee a dlffsrsnt rssponss. in the 
sscond prompt ths computer system anlmatss 
ths s m come and It drops from ths squa- 
tlon^thsn ths <-ing movss Into placs. 

Third incorrsct rssppnss: Corns 7 
Comin g"^ If on the third try tbe etudent 
stlU doee not type the correct reeponee, 
the correct answer ehould be given > and 
the etudent should then move on to the 
next problem. This type oi reinforcement 
pattern contrlbutee to meanlngfulneee of 
the material to be learned becauee it: 

a. Provides spsclfic Information 
that hsips guide correct learner behavior 
toward achieving the deelred outcome. 

b. Heducee the frustration often 
experienced by learnere In CAl programe 
that elmply provide a *^no" response to an 
Incorrsct answer^ A simple *'no*^ le un- 
satisfactory bscauss It provldee no 
epeclflc feedback that helpe the learner 
to dlecover correct responees. Instead 
learnere are forced to gueee until the 
correct anewer ie found (Caldwel^, 1979) < 

Helnforcement strateglee depend 
largely on the nature and type of learning 
being att^pted. Heinf orcement , however, 
can be made more meaningful If It is psr- 
sonallzsd and spsclflc to student 
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respODse sequeDces. (e.g, 'Tou did well, EducatloDal Computing CoDSortlw, 

AIIeDf but would you like to review pre** Febru&ry 15, 1980. 

fixes before going od?*^ ) 

In summaryt tbe desigo of iDStruc** 
tional programs sbould incorporate 
various teacbiDg strategies to add 
variety to an overall curriculum aDd to 
address cognitive processes at all levels 
of tbat domaiD of learoing. Also, pro** 

grams sbould use to tbeir best advantage ' 
tbe features of color, grapbics^ and, 
animatioo offered by njicrocomputer tecb** 
oology. Excitiog Dew developments io 
speecb and sound peripbetals also exiet 
and sbould be incorporated where relevant 
and appropriate* Also, learner control 
over tbe instructional sequence allws 
for indlvi<iiial pacing an<i better oppor-^^ 
tunitiea to acbieve mastery througb 
brancbing, diagnosis and remediation. 
Thi9 flexibility can add significantly to 
coii£|>uter based programs if tbey are 
designed and iatplemented carefully^ 
Tbe scope of tbis presentation 
limits discussion of tbe many subtle 
variables wbich contribute to effective 
instructional design^ but att^pte to 
begin an organization of some of tbe 
features wbicb seem to contribute to 
successful programs. Xt i9 boped tbat 
it migbt stimulate other authors and 
designers to share tbeir rationales and 
experience in <ieelgnlng high quality 
programs of cootputer^^hased education. 
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raSEAHCH ON HICROCOHPUTER USES IN EDUCATION 

ChAlred by David Knlefel 
New Jersey Educational Computing Network 



THE AFFECnVg AMD COGHITIVE EFFECTS OF 
MCROCOMPOTER-BASEP SCIENCE EDOCATION 

Ronald &• Anderson, Daniel L. Klassen^ 
Thomas P* Hansen^ Minnesota Educational 
C0Bq;>utin9 Consortium 

ABSTRACT 

KicrocoA^uters are used increasingly 
to deliver and enhance science instirttc* 
^tion^ but the Impact of these new 
technologies has not been extensively 
studied. An experiioent was designed to 
investigate the effects of a brief CAI 
activity on student attitudes, beliefs, 
and Knoifledge. Three hundred fifty 
high school students were tested and re*- 
tested before and after taking a 20*30 
minute lesson on water pollution. The 
instructional material was all delivered 
by an APPLE II microcomputer using high 
resolution graphics and some color vari* 
ations. the findings support the claims 
that: (i) even a very brief CAI exposure 
can be instr^tionally effective; (2) 
understanding about computers, i.e.f 
computer literacy^ can be in^roved as a 
consequence of such CAI: O) students 
become attitudinaiiy more positive about 
ccnputers fron microcomputer CAI: (4) 
graphic enhancements may not improve 
student responses; <5) system malfunctions 
siay revise student conceptions of them* 
selves as well as computers. 

The micro offers a vast potential* with 
some possibly <]uestionabIe effects* 
Since it allows new kinds of person- 
computer relationships^ we can not presume 
to know its ultiiaate ijt^ct on individuals. 



THE EFFECTS OF MICROCOMPUTING ON LARGE 
CEMTBALIZED TIMSSHABING 

Kent T. Kehrberg, Minnesota Educational 
Computing Consortium 



ABSTRACT 

Minnesota schools have already acquired 
nearly 1,000 APPLE II and other micro- 
computers^ even though they have had 
access to a large central computer via 
a statewide educational network, iliis 
situation offers opportunity to research 
some in^rtant questions such ast (l) How 
do people justify their acquisition of 
microcomputers? (2) How are micros used 
in the schools? O) Does microcomputer 
acquisition substitute for or foster time- 
sharing use of a centralized facility? 
The HECC research serves ^e the basis for 
projection of the role of microcomputers 
and instiructional computing in the short* 
' term future. 
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CREATIVITY THROUGH THE MICROCOMPUTER 



George M. Bass» Jr.» Ph>D. 
Assistant professor 
School of Education 
College of William and Mary 
Wllllamsburgj Virginia 23185 
80^-253-^289 



"Creativity is a battle 
a^^alnst fixed attitudes.** 
(Raudsepp, 1977, p. 55) 

In many nays teaching a colle^^e course 
on creativity Is very similar to teaching 
students hcfw to use a computer. Both sets 
of students come with many preconceived 
notions about the subject. Usually these 
attitudes have not been built upon direct 
experience Hlth computers or creativity 
experiences but on hearsay and vague ex- 
pectations* This lack of experience has 
often led students to be fearl'ul of their 
own ability vO t>? ^^-eatlv^ or to master 
the computer. Yet a Hllllngness to break 
free from thess frozen views and to see 
Ideas and problems from a new perspective 
Is needed In both areas for the student 
to succeed* 

During the fall semester of 1979, I 
tauglht an advanced education course on 
creativity* This course was designed to 
be a seminar for students Hho had success- 
fully completed an Introductory education* 
al psychology course. My overall goals 
were to present students the necessary 
background about creativity as It has 
been studied by psychologists and educa- 
tors; to introduce them to Instructional 
strategies which may help develop crea* 



tlvlty; and finally, to Increase their 
own creative abilities. Eleven students 
took .the course. 

COURSE ACTIVITIES 

In order to distinguish this course 
from Just another elective, I wanted to 
use activities not typically found In 
other coMTses they had taken. Entering 
national contests, participating In crea- 
tive growth games, working on word puz- 
zles and logic problems^ reading and solv* 
Ing detective stories, producing poetry 
and written compositions, and using a 
microcomputer were Introduced througlhout 
the semester. (Moi*e traditional actlvl* 
ties such as assigned readings^ class 
presentations and projects, and a final 
position paper were also used to Increase 
the learning process.) 

Because the microcomputer Is such a 
new educational technology^ It Is an 
Ideal way to break the chains of student 
expectation and release any hidden poten- 
tial. Yet the fear of the unknown or the 
exaggerated visions of com|>uter power 
(such as HAL in 2001 ) were a real concern* 
In order to reduce this possibility, I 
began the first class with TLC — Tender 
Loving Computer. Other exercises using 
the capabilities of our Apple II micro- 
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computer were later Interspersed through- 
out the course. 

MICROCOMPUTER ACTIVITIES — 
OBJECTIVES AND RESULTS 
1* Course Syllabus 

Since this was the first time the 
creativity course had ever been taught, 
I felt It necessary to give students my 
course objectives, assignments, and re- 
quirements during the first session. 
However, I wanted to communicate this 
basic Information In a nontradltlonal 
way as mentioned earlier. I also wanted 
the students In the class to meet one 
another and to learn of any personal ob- 
jectives each Individual might have for 
the class. To accomplish these objec- 
tives, I wrote a program on the microcom- 
puter to Interact with each student. 
After requesting the student *d name and 
some background information (interests, 
reasons for taking the course, etc.) and 
engaging him In chit chat, the program 
presented relevant Information about the 
course and then introduced the student 
to the capabilities of the microcompu- 
ter. Using a variety of programs cur- 
rently available for the Apple TI, the 
students were presented with comput?*r 
graphics, text manipulation, and game 
playing experiences, e.g., Hock/Sclssors/ 
Paper, Dragon's Maze, Star Trek. 

The results of this experience were 
quite positive. The students had never 
seen a microcomputer before and wer^ 
surprised with the variety of things It 
could do. As each student took a turn, 
the rest of the class crowded around the 
color monitor to watch the action. They 
got to know each other through the typed 
conversation with the Apple II. They 
also got to see many of the programs 
available to them outside of class. (For 
two students this Introductory session 
led to a semester-long Journey with Star 
Trek after almost every classO This 
computerized syllabus generated Interest 
and set the tone for an unusual class. 
2. "How I Spent Summer Vacation*' 

Assignment 

One of the most common assignments 
that teachers give when students return 
to school In the fall is to write a theme 
on how the student spent his summer vaca- 
tion. In order to get the students In 
the class to begin thinking of novel ways 
to solve problems or accomplish tasks* I 
gave the class this typical task, but 
asked them to solve It In a creative way. 
When they next came to class with their 
creative solutions, I shared with them 
one solution using the microcomputer. I 
programmed a story which contained an 



overall structure but required the addi- 
tion of certain words and Information from 
the user to compose a complete ^ale of how 
the Apple II spent Its summer. Besides 
showing how unique paragraph- length sto- 
ries can be created using a microcomputer, 
this exercise laid the groundwork for a 
future class discussion on form versus 
content In creating something new. 

While the students* creative solutions 
to this assignment were Indeed varied (a 
picture scrapbook, a summer Job advertise- 
ment, "first grader's" paper, fantasy 
story), their response to the Apple II 
story was enthusiastic. They worked as a 
group si^plylng the adjectives and other 
words requested by the program. However, 
the first time through the story, they had 
no Idea how these words were going to be 
used. The resulting narrative was a hu- 
morous. If not entirely accurate, account 
of what a microcomputer mlglht do over the 
summer on a deserted college campus. The 
second time through the program the stu- 
dents chose their words more carefully to 
fit Into the structure of the story they 
remembered. While this second experience 
resulted In a new version of the tale. In 
some ways It was not as entertaining as 
the first version. In resulting class 
discussions the notion of appearance ver- 
sus substance , "how sald^ versus "what 
said," and the role of the creator and his 
audience In giving meaning to a creation 
were all related to this computer/ human- 
generated story. 
3* The Apple II pops 

The Apple II microcomputer can make 
muslc-llke sounds througlh the Applets 
bullt-ln speaker. A number of commercial 
programs are available to create these 
songs with minimal programming. Using the 
FORTE Music Interpreter by Rainbow Comput- 
lr% Inc., I showed the students how to 
program and save songs they composed using 
the Applets speaker. I wanted the stu- 
dents to construct a nonverbal creation, 
to become more comfortable with using the 
microcomputer as a tool, and to learn an 
introductory programming approach. 

At the class concert during which each 
aspiring composer Introduced his creative 
effort. It became readily apparent that my 
objectives were achieved. Although the 
variety of songs (from birdlike melodies 
to atonal experimentations to K-Tel music 
advertisements) again showed the diversity 
In the class, all students completed the 
assignment and expressed their growing 
ease with the Apple. They commented on 
the computer as most forgiving, but also 
most demanding. Mistakes were easy to 
correct by retyping the note or line, but 
putting commands In the correct syntax was 
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required for the program to workt In ad- 
dition, the students expressed an appre- 
ciation of each other*s efforts regardless 
of previous musical experience t 
Aphorism Construction 
Adapting an Aphorism Generator pub- 
llshe.d„ by JtDt Robertson ( Creative com* 
utlng . August 1979) f I programed the 
pple to construct aphorisms such as 
*^Alcohol Is the liver of stress** through 
random coDtblnatlons of lists of the three 
Key nounSt The class was asked to gener-^^ 
ate sayings using the format ** Is the 

of as wellt Pour students were 

chosen to do this Individually, ^s of 
two and three students were chosen to do 
It collectively, and the remaining two 
students worked as a team to select those 
aphorisms generated by the computer which 
they thought most creative* After each 
Individual or team had chosen their best 
two sayings, these aphorisms were read to 
the rest of the class without Identifying 
the origin* Each class member separately 
ranked the three best aphorisms; these 
rankings were then tallied and the high* 
est rated aaylngs Identified* objec- 
tive was to stimulate a discussion of 
Individual, group, and random' efforts In 
creating original products* 

Although the results were certainly 
not definitive (one pair had written both 
of the top ranked sayings), they did lead 
to a lively debate on the difference be- 
tween random replacement and meaningful 
combinations* The Idea of "creativity Is 
m the eye of the beholder" was also rein- 
forced by this exercise* The writer an d 
the reader put meaning In aphorisms and 
other creative products* 

IMPLICATIONS 

The use of these microcomputer actlvl^ 
ties added greatly to the overall achieve- 
ment of the course goals* One reason for 
this success was the close fit between the 
course topic and the capabilities of the 
computer* Indeed* creativity with Its 
"battle against fixed attitudes" stresses 
a concern with new imageis and experiences* 
Torrance (1979), a major figure In crea- 
tivity research, has even recommended a 
three-stage instructional model to en- 
hance incubation and creative thinking*. 
Activities ufilng a microcomputer can be 
Implemented at each stage In his model. 
Stage I la aimed at heightening antlclpa- 
tloni It tries to motivate learners to 
relate each learning task to meaningful 
experiences* The course syllabus and 
summer story certainly attracted the stu- 
dents* attention and stimulated their 
curiosity and Imagination* Other compu- 
ter activities such as role playing games 



and simulations should also warm-up stu^ 
dents and Increase their anticipation* 
Stage 2 «.urns this Initial Interest Into 
deepening expectation* Song develoimient 
Is one example of the varlou*! Information 
processing patterns which Torrance sug- 
gests* Stage 3 simply tries to take crea- 
tive thinking and keep It going* Seeing 
the various capabilities of a microcompu- 
ter m this course should permit students 
a better understanding of future techno* 
logical applications In their own lives* 

Although psychologists have perhaps 
focused more on the Instructional demands 
of creativity and problem solving courses 
than other subjectf*,* the psychological 
principles underlying such Instructional 
planning and design can be generalized to 
other college subjects as well* Treffln- 
ger and Huber (l975) have emphasized that 
the content of any course can be analyzed 
according to an Instructional systems ap- 
proach* Such an approach focuses on Iden- 
tifying specific instructional objectives; 
diagnosing characteristics of entering 
learners; developing sequential, learning 
hierarchies and teaching strategies to 
accomplish the objectives; and assessing 
performance to determine learner achieve- 
ment* Following such a basic instruction- 
al model will allow any teacher to esti- 
mate the value of particular educational 
technologies In a chosen course* 

The specific Issues for incorporating 
the computer into this current educational 
technology have been widely discussed dur^ 
Ing the past decade* Usually the chief 
criticisms against such a move have re- 
volved around cost and teacher resistance 
(Trow, 1977) t Vet these concerns have 
mostly been associated with computer^ 
assisted Instruction using a large time- 
sharing system* Recently, there has been 
a shift from CAI programs aimed at Indi- 
vidualized teaching of a single subject 
matter toward computer-managed Instruction 
m Which the system directs the entire In- 
structional process (Spllttgerber, l979)* 
Even with this move toward CMI* there 
still remains an Implementation problem 
Into the public schools. Economic, tech- 
nological, and Instructional design con* 
slderatlons have kept the potential bene- 
fits from being realized. 

But a revolution is In the making! 
With the recent rise in accessibility of 
microcomputers, the cost argument has been 
greatly deflated* With the growth In 
microcomputer design and capabilities, 
many of the technological concerns about 
access, memory storage* and program lan- 
guages have also been met. With the grow^ 
ing commitment to instructlonar design 
relevant to CAI and CMI, better software 
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is becoming available. Nevertheless, if 
teacher resistance is not overcome, all 
these changes vrlll probably be for nought. 

The experiences detailed in this paper 
reveal one possible strategy to introduce 
the applicability and benefits of micro- 
computers. By incorporating course con- 
tent with microcomputer capabilities, 
students can gradually come to appreciate 
the vast educational potential in this 
new technology. With such a focus on 
computer** enriched instruction, the teach- 
er is less likely to fear displacement 
from the teaching/ learning process. The 
emphases of CEI experiences are on stimu- 
lating class discussions and group inter-* 
actions, not taking over the teacher*s 
role. As Eisele (1979) has pointed out, 
the possible uses of microcomputers in 
the classroom are many: as tools for 
creative problem solving, games and simu- 
lations, drill and practice^ testing and 
test construction. By taking advantage 
of these uses to enrich classroom activi- 
ties, today *s educator can be accountable 
and productive without feeling deperson- 
alized or replaceable. 

And isn^t that a reasonable way to 
win the battle against restrictive fixed 
atti'tudes? 

SUHHARY AND CONCLUSIONS 

Since many students and teachers are 
hesitant to use the computer because they 
are unfamiliar with what it can — and 
cannot do, it is imperative that ways 
be developed to introduce gradually a 
more realistic appraisal of the compu- 
ter's capabilities. If these benefits 
are provided through computer-enriched 
activities which do not reduce the main 
role of the teacher, more acceptance of 
such activities should be forthcoming. 
With the advent of microcomputer systems 
almost any small college can afford the 
computing power that was available only 
to large institutions just a decade ago. 
An example of such an application in a 
^oollejie course on creativity was pro- 
vided to illustrate the feasibility of 
such a CEI approach^ 
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Ovet the last thte& yWB, toy colleaguft F«uX 
HeUcoa and I have been at vottc on an Interactlva 
computet ptoetaJtt called EHIL which ve uaa to help 
teach out coutsea in formal logic. Since June of 
1979, we have been devoting out effottff (thanka to 
funding ftom The National Sciance Foundation) to 
iMplaaanting a conimterizad "copilot*' fot EHIL 
tiihich the students can call on to obtain advice on 
how to tackle problems that they find too diffi* 
cult to handle on theit own* 

The aethoda ve ata using to provide out atu-* 
denta with advice ate easy to InpleBent and quite 
affective* They tepte&ent an approach to cooput- 
etized education that doesn't fit neatly into the 
standard categpties (i*e* tecotd keeping, multi*- 
ple choice CE^> testing* gaaea* simulations, 
etc*)> but one Vhlch haa the potential fot wide- 
aptead application* The gonl of this kind of 
tutoting ptograoL ia to prompt the student to 
develop and use creative strategies solve ptoblema 
which do not necessarily have any one 
corxec anavet* The advice-giving prograo is 
Socratic; it asks the atudents leading quaationa 
concerning the ptoblen befote tham, queationa 
which help thea analyze and resolve theit diffi* 
cultias* 

A typical course in fomal logic requicea 
students to find fomal proofa* students 9X9 
preaanted with e aet of fonmilaa of logic and 
naked to apply certain logical mlea to the* to 
derive aone othc^ formula* The darivation irhich 
thay are aakad to construct conaists of a a*' 
quenca of fomulaa each of which followa from 
previous meobara of the sequence by one of the 
rulaa* and which enda with the formula, they are 
to prove* This kind of learning la important 
not only in that it provides tha foundation for 
the mastery of the basic concepta of logic, but 
also bacausa it gives the atudenta the opportune 
ity to learn aoma of tha practical probleaa and 
atratsgiea involved in creative thinking) partis 
cularly in ctaativa thinking oharacteristic of 
mathematica end tha aciancea. 

Giving atudenta practice In the creative ao- 
lution of fomal problaeis particularly Impovt** 
ant in sciance education. Too often scientific 
knowledge is presented as if it la descended from 



heaven, or required aoma f om of auparhuman intel- 
ligence for ita discovery* Very little attention 
ia payed in science education to allowing atudenta 
to appreciate the thinking procesaaa whidi go into 
the analysia and solution of acientific problama 
In a real setting* Ihere la a tendency to obacure 
the very human proceaa of fumbling axoundi of try- 
ing out atratagiea, of asaaaaimg fatlurest and of 
creating better lines of attackt ^ich are all 
patt of tha scientists' daily Ufa* A couraa in 
logic given atudenta tha opportunity to refine 
theic skills at problem solving in an anvironment 
where the difficulty of problama thay conftont 
can eaaily be adjusted to their growing abilltlea* 

In the standard sort of cOurse> atudenta^ abili- 
ties at finding proofs vary widely, so that thoae 
irho do not have en initial knack are severely pe^ 
nalized* Evan wlien stratagiaa for proof^flndlng 
are carefully discussed in claas> aome students in- 
variably complain that thay can't do a new problem 
on their own in spits of '^understanding" tha lee* 
tures* Part of the problem for these atudenta ia 
that they cannot convert a verbal emplanation of 
techniquea . into a flexible tool for dealing irLth a 
new aituation* 

With a bit of tutoring, most students i^th thest 
difficultiea Impitove rapidly* If students think 
out loud irhile attempting a proof, a gentle nudge 
hrre and there often leada to auccess* Tf they 
don^^ undsratand tha rules, or simply haven't both* 
ered to learn the»> guiding them through a proof or 
two tenda to atraighten things out fairly quitkly 
and to improve their confidence and motivation* 
Juat aa In teacl^ing most akiXla> the effective 
strategies involve letting the atadent perfem the 
task under guidenee; lecturing on the proper pro- 
cedure and telling etudenta to go home and do like** 
wiaa la relatively ineffective* 

Of courae there are good teaeona «hy tutoring is 
not widely used in en introductory coutaa in logic* 
Ihese clasaea are usually quite large, so tutoring 
slispiy.takaa too >uoh of the teao^tar'a tlise* Hot 
only that^ grading exerotaaa in proof-finding is 
tedioua, so teachara tend to give students rela- 
tively few exarcieee that require them to create a 

?roof. Even if atudenta can learn on thaic owa, 
hey almply don't get enough practice to develop 



53 



Computers in Humanistic studies 43 



my «klU» unleM th«y catch on rlsht off the b«t* 
Vwxf oftta, the t««chsr <m cx«rci««0 that 

E«qUlr« « single «a«irer^ tuch m those thet eak 
th« etudtnt to fill In the Juetlf Icetione for the 
llnee of « pxoof thet is already con^leted* This 
proceaa does femllUrlxe atudenta with the tuLtMt 
Wt It glvea the» qd piectlce ie the art of find* 
Ing e proof* 

Computera make It po«4tble to slaulate the tu* 
toting situation* Students can titter their proofe 
et Che tei>lnel, end the coaputer cea he program 
ned to see whether each line of the studeat^e so- 
lutloii follows froa previous liees end to deecrlbe 
tha difficulty if anything goaa vrong* When the 
etudent tete loet the computer can neke eugges"- 
tloos shout Iwv to proceed* 

Ihle use of computers In sducstlon Is partlcu* 
larly Interaatlng hscause Ir departs radically 
froa the sultlple*^holce form vhlch has beccos al*- 
aoet paredl^tic of cottputerlssd teschlng witerl* 
ela* A proof^checklng progrsm does not rsqulre 
tha student to coae ^ pres«l«cted easwer, but 
to find e eolutlon by sny of a potentially infin* 
Ita auaibtr of lines of sttack* In a sense, ths 
program doee not deoand an aaswer^ but eiaply pro* 
vldas an ongolag check of the etudeat'e progrese 
In achiovlng e reeult* it does not require e eet 
rsaponsa eo nuch ss provide a tool that studenta 
caa use In their own viy to develop e aklll* 

Coaled to nultlple-cholce progriu^ proof*- 
chacklng progtsns «ske heevy dcnende on the cob- 
puter^ the teacher^ and ths student* The coaput- 
er «uet Interpret the etudent^s 'Wves** et ths 
terminal^ datermlne whether they are correct, end 
roapotkd In an Intelligent vay* The student and 
taacher auet fanlliarlxe thaasalvea with the pro* 
codurse for operetlng the coaputer ,r.rogriit^ end 
auat put up i^th the Inconveniences caused by hav^ 
Ing to use a computer which le generally oveibur^ 
densd already^ sod which occasionally aalf unctions* 
Ihay aust also put up with the Inevltsble mistakes 
a prograver nakss In designing the logic teaching 
ey«t«a* And yet. If we ere ever to develop com- 
puter tMchlag syeteas that provide students with 
tools for lasmiag^ rather than merely with oogo* 
lag aultlpl* choice SKanlnatluns^ we auat over* 
cone thaas dlfflcultlss* Working out effective 
strategies for proof*-checklng progrsas cea pave 
th* way for developing Uss suthorlterlan styles 
of cottputstised sducstlon In other srsss* 

Our logic tutorlnji progre«> called EtaL^ hss 
several advantsgaa over other piogrsme of the 
eana kind. Flrat^ there are e Isrga ntndter of 
logic text hooks^ eech with Its own version of the 
rule^ of logic* EHIL Is the only progrsa that 
leta teachers supply ths prograa with ths eet of 
rulss to bs used with their teatbook* Instead o£ 
forcing thea to u«« the book which goes with s 
sst of rules wrlttsn into the picgrsa* Second, 
SMIL U extreasly gaatls with ths studant^s Input* 
end geaarelXy repalre typing olstakee rather than 
cofdplalnlng ebout then* This i« Important because 
our students srst for the aoat pert^ unfaalllsr 
both with the typewriter fceyboerd and the noutlon 



of logic* Thirds the progren lete studsnts entet 
lines et the bottom of the proof which they hope 
to derive later so that they csn work the proof 
backwards If thsy like* The reason we aUow^ and 
In fact encourage working beckwardst Is that sf" 
fsctlve proof-finding strateglss reqnlrs «n ana- 
lysis not only of the fotaulas already derived> 
but of the foimule to be proven ss well* Often the 
proof-finding problem csn hs conslderebly elnpll*- 
flsd by using the goel formula m a guide-post for 
determining what the stepe previous to It must 
look Itka In the completsd proof* Our program 
allows studsnts to record the results of using 
such stretaglss right at the tsrminsl^ instead of 
submitting a ponshsd product to the computer* The 
fourth advantage of our program la the main topic 
of this paper* Since September of 1979 SMIL hes 
been giving students sood advice ebout how to 
eolve problems thet rbey «rs unable to do on their 
own* In this way It Is providing e good portion 
of whet cen be offered by e Iwen logic tutor* 

There ere three main etreteglea for dsalt^^lAS * 
computer progrem thet csn offer advice on proof 
finding* The first Is simply to store e coaplatsd 
version of the proof thet the etudent Is working 
on and to store e list of coaswnta that ere In*- 
tsnded to help e etudent who ssks for eld on com^ 
putiAg e particular llns. the comment the etu- 
dent receives proves udhelpfult the etudent can 
ask to «ee the next line of the etored proof* or 
liHleed say nuidier of lines* to and including 
the entire proof* 

This hint strategy raqulree thet e completed 
proof mttet be stored In the computer^ eloog with 
appropriate commente^ for every problem etudente 
will work on* It else presupposes thet there Is 
likely to be only one reasonSble ssquence of etepe 
thet leads to the concluelon* If etudente ep*- 
proach e problem In an unueual way^ there msy not 
be enough elmilarlty between their proof and the 
etored proof for the computer to be of sny help* 
Finally^ It preeuppoeee e top^o-bottom pattern of 
proof conetructlon* But frequently the very next 
e*^<ps In e proof will not reveal * etrate^ that 
leeds to success^ such etrsteglee must rether be 
explained with reference to what happene much 
later la the proof* this sort of hint routine 
doee not help etudente eppreclste the globel etr^ 
etegles which require knowledge not Just of where 
the proof has besn^ but eleo of where It le colng^ 
end theee ere generally the most useful etrsteglee* 

Another technique Is to vrlte e program that 
aUovs the computer to generete e solution to the 
etudent* e problem and to recognise etendard eltu* 
atlona during the courae of that eolutlon* Thle 
atrategy eliminates ths nsed for etorlng e proofs 
with cowmenury* for eech problem to be ettcmptedt 
since the computer geaeretee Ite own solutions* 
gut this strategy rune the risk of generetlng 
strange proofe » which etudente ere unlikely to re*' 
capltdlate* Aleo* ssch formulation of the rules 
of logic will requlrs Ite own cuetom-tallormd pro- 
gram for generating proofe* Furthermore^ the pro- 
grsm to generste coBsnta uuet he very carefully 
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vrltten to avoid «lBle«dlns advice^ Voret of all^ 
this str«t«gy still does not help fltudents to bc^ 
glob«I atntftgits; Ilk* the ttored-^proof atr&togy^ 
thl« ttrsttgy ui«ft s top-'to^bottom approach to 
proof coaatructlon and coafines Itself to giving 
advice about Iht very next line of the proof. 

Another difficulty with both of theae approecb* 
as to the dealgn for en edvice<*glver la that the 
program does not etteipt to construct advice on 
the baala of vhate^er progress the student nay 
have slready vade on the prohibit The failure to 
build advice around the atudents partial successes 
tends to discourage invention of novel, yet pro** 
lalng^ paitial solutions^ to devalue the students' 
own creet^^ ebilltleat and to lowen their self- 
confidence. It daiq>ens the students' engagement 
in the problen-aolving process vhile reinforcing 
thAu for atereotyped aolutlona^ 

The third approach to the dealgn for an advice- 
glver^ the one we have adopted^ overcooea these 
problsas by iraylng ..>re attention to the techni- 
ques actually used by human logic tutors. One of 
the ttaln things a human tutor should do le prov- 
ide students with effective probleta solving tools 
for analysing the eltuetlon they are in and for 
breaking the problen into elapler aubproblens to 
Which the sssie tools can be applied all over 
again^ An effective tutor does not give the 
solution^ or even pJtecea of It^ but ^^nstead pro- 
vldea an epprentlceshlp In *.Ae art of asking the 
relevant questions^ the a* wers of irfjlch will 
lead the student to aae low the problem can be 
broken down Into aore v ^nageabla parts. <)iiaatlon8 
like ^*Csn you apply "LUa rule to lines you heve 
already derived?" 'jr4 *'What rule could be used to 
derive e foraul^: <-x thla shapa?^* when presented 
In e coherenf sequence are very effective In help-* 
Ing students jevelop af.rategies which they can 
learn t-o v',^ effectively In a wide variety of 
prooC-f Coding problems. 

actual prograo that we use to give advice 
^s wrltt^:^ by se In about four hours. The in* 
pleiLantatlon was ao easy because the advice pro- 
gran does little note than ask atudenta a lead- 
ing quaation and then brencU to a nsw question 
on the baala of their answer. Kventually^ th£ 
program cuna out of q^aatlona to aik, and speci- 
fic advice in f^iven ^ the baals ot the Inforaa- 
tlon provld'^ in -the efHantS answers to the 
qucatlona. m questlc^i can be thought of as 
beljcg structured In a t;:aat with thf path along 
the branches being detamined by the students' 
arawera^ and the edvice for each situation Ve- 
ing located at the tip of each branch. 

Since progrenmlng our advlce-glvar wis so 
slttple^ the tteln focua of our attsntlon has 
been on the creation jof a file of questions 
which have real pedagogical nsrit. Since the 
queatlona axe not written into the atructure of 
our progran^ modifying the queation tree In re-^ 
aponae to what ve learn about effective advice 
has bftsn a palnleaa process which does not re- 
quire any progtannlng expertise. 

Our question file has a very eliaple fonnst. 



<See F,lgure 1.) Each recoXd contains the text of 
a question followed by a list of accepted answens^ 
each followed by a numhei; Which indicates Which 
record to jump to In case the student respo^uls witU 
that answer. The last iteq In each Record begins 
begins with a <whlch indicates that there ar^ 
no jofjte accepted answers} and contains text which 
is printed In case the student does not respond 
with one ot th^ accepted answers. Host of the 
queatlonct we ask are answered with ^^yes" ox 'Vo'% 
but we found the use of other sorts of answers 
more cottve:iIent for certain questions. The text 
of the advice to given is simply stored in the 
question file foll^ ^d by This indicates 

to the program that this "question" has no accept* 
ed answers, and ."o the program should atop the ad» 
vice giving process after printing it. 

Me have built a nunber of liaprovements into 
this simple program. Firsts the sequence of the 
questions should vary depending on how much the 
student has learned snd how difficult the problem 
is. Our first solution to this problem has b?eu 
to assign each problem that the student is w^ V 
on a level number and to use this number to rojL' 
the quest lott^asking program to separate quest ('^''t 
trees for each level we have defined 

The second enhancemeut is motivated by the fact 
that we want to mention items in our questions, 
that change during ttie execution of the prograiftt 
for example^ the last line number the student has 
finished in the proofs or the name of the rule 
that he Intends to work with. Obviously the text 
of the questions in the file cannot mention spe** 
clflc line numbers or rule names. Oor solution 
is to Introduce variables^ or fill-^ns, to our 
question tcxt^ 

FiGUItE 1; SAHPLB RECORDS FROM A QUESTlOK FX1£ 

1. 'CAN APPLY MP TO AHV PROVEN UHES' 'Y' 2 
'H' 3' *AMSHER lES OR H * 

2. 'APPLY MP TO THESE IINE:;* 

3. 'VHAT IS THE KAl^ CONNeCTIVE OT YOUR COAL 
FORWJLA?' '&' 4 'V* 5 '->* 6 '*PIEASE AKSWER 

V OR -V 

that are then replaced with the coiresponding 
specific InfoMsatlon Just before the question is 
printed at the terminal. We have adopted a con- 
vention that words beginning with "&'* are varl-* 
ables^ and so^ for exampln> a line of advice on 
our question file might read like this; '^OU 
SHOtnJ) APPLY SHULB TO LINE (Cmm'. Thla directs 
the program to fill li the specific Information 
about the rule name snd line number so that the 
student sees, for example^ YOU SHOUID APPLY &OUT 
TO IINB 5. 

It may surprise you to learn that although our 
advlce<-glving prog^ram was running with these two 
enhancements In September 1979* we were 
working on a central portion of the advi. ing 
program in January 1980. That was because atUl 
had to program the most Important liaprovementt the 
development of subroutines which can answer all 
the questions which are posed to students by the 
advlce**giver^ and comment on any errors In the 
students' responses^ Though students are gener- 
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ally quite accurate in their responeas to quss- 
tiofis poee^ by our advice-giver, they occac^ionally 
neke miatekes that can reeult in their racaiving 
bad advica^ But loformlng atudeate of their er^ 
rora ia not the only reason for giving the coetput-* 
er the ability to monitor the cotxectneaa of the 
students* reeponaes^ Once etudanta ^un the advice- 
giver nunber of timaa, they becooe bored at hav- 
ing to answer a nuniber of pointlese queetiooa* The 
queations bacona pointless not beceuse they aran*t 
needed in analyxittg proof-findtng pr^bleas in gen-' 
eral, but because the student is L aware that 
a particular portion of the ana" is not naadad 
for tha problea being dealt with i^ian the coqi- 
puter ie cApable of answering qut £ions iteelf, we 
can decide which quaationaf at wt ^h levels of 
difficulty, ehould be printed at the tenninal, and 
vhich we ehould let the co«iputer answer for iteelf 
by examining tha proof the student is working on» 
Experienced students oay resent being asked any 
quaatlons at all and vay prefer an advice-giver 
that meraXy prints a specific piece of advice. 
However, we believe that for aost studenta who 
need the ad^e-giver in tha first place, posing 
the relevant sequence of questions is «uch more 
valuable to their learning problem-solving ekills 
than ia their obtaining advice. 

At this writing we have a version of EHIL that 
aaewera for itself all the' questions we pose save 
one, and we have a method of Indicating in our 
question file which questions ara to be asked 
under which circumatances, tfe atill need to do a 
lot bore research on how obtrusive tha advice- 
giver ought to be as a function of the students* 
prograas and cognitive styla. However, the main 
advantage of our program ia that we have complete 
flexibility over the circimistances under which the 
program types out the questions, 

there ia a final reason for prcgraamlng the 
cottputar so that it can answer all the questions^ 
When this ia done the program can traverse the 
question tree on its own and come up with the 
relevant advice. Once advice is available, the 
progrem can ^follow it to construct proofs on its 
own. Judging from extensive paper and pencil 
tests, our advice trae turns to be highly 
effective (though not totally effective) in solv- 
ing logic proof-finding problems, Aa a result, 
it ia capable of solving for itaalf the vast 
majority of problems we give our stude^ This 
provides us with an important tool for ^proving 
our program. By running a large number of prob^ 
lems through our advica-giver, V3 can determine 
the circumatancee under Which it is unable to do 
a proof, and then use that information to create 
e more aophiat.^ itad varaion of our question 
data files. 

Our approach to giving computerized advice 
has a wide range of applications. It can be 
uaed, for example, to help college studenta 
with their physica homework, or with tracking 
down the identity of unknowns in qualitative 
chemistry, to help medical students learn diag- 
noais, or even to help people to determine what ia 



wrong with thair car, or whether to itemise their 
deductions*^ All it takes i^ a simple program to 
run the questions and a question file that is 
carefully constructed to reflect the best strata-* 
gies that people actually use to solve the kinds 
of problems which are at issue^ Depending on the 
context of its use, some or all of the enhance- 
ments to the baaic program that we have developed 
could be used 4^ 

It is worth pointing out exactly how our ad-* 
vlce*giving program differs from the standard 
approach to CAI using the mult iple-cho ice format*^ 
The differences are not particularly striking from 
the programer's point of view. In both cases, 
the program is designed to ask questions and to 
aelect new questions on the basia of the atudanta' 
answers. The advice-giving progress generally re- 
quire a more elaborate branching structure, and 
they may diffir in being unable to evaluate the 
studenta* response. But the important differences 
are the ones that are obvious to the educator, for 
they hafve to do with the educational purposes of 
the program, 

t^tiple choice CAI attempts to get the student 
to memorire the correcc answers to a certain kind 
of question. The atress is almost entirely on en-^ 
auring that the atudent learns certain facta. In 
the case of advice^giving programs, tha answers 
are not part of what is being taught. If any- 
thing, it is the questions we vould like tha stur 
dent to master. By exposing students, over and 
over again, to a sequence of questions that have 
been proven effective in problem analysis, the 
student learns to develop efficient strategies 
that can be used over a wide range of problems of 
ft similar kind, Purtheroor^, the Whole process 
of learning to adopt principles of problem analy- 
sis and decomposition is a valuable exercise of 
problem solving skills that can be applied to 
virtually any domain where creative thinking is 
required. 

Although advice-giving programs may not look 
very different from multiple choice courseware to 
tt programmer, they have radically different edu- 
cational goals, the Important of vhich is the 
developmant of problem solving ability. Given the 
almplici^y of the programming effort as compared 
to games and simulations, advice-*giving programs 
are particularly attractive for any educator in- 
terested in developing the student's creativity. 
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INTRODUCTION 

The purpose of the present paper is to 
describe a project which uses the unique 
and high-speed capabilities of the com" 
puter to match adolescents with books 
which the students are capable of read- 
ing and which they enjoy reading. The 
ultimate mission of the project is to 
increase the amount students readf which 
in turn would enable theia to become... 
better readers. "Enhanced reading ability 
and attitude would then motivate students 
to read morei thus, the probability of a 
cycle of life-'Iong reading habits for the 
individual would be increased (Hathewsonr 
1976). 

Traditionally, reading has been viewed 
as a hierarchical skills arrangement. 
This conceptualization has been reflected 
in reading instiructional programs which 
incorporate highly structured approaches 
to word recognition and comprehension 
skills. The underlying assumption has 
been that students who are thoroughly 
grounded in word attack skills^ phonics, 
sight vocabulary, word analysis, spelling, 
and other reading subskills would use 
these skills in reading, thereby becoming 
able readers. 

Computer assistance in building read- 
ing subskills is not unusual. Illustra** 
tive projects in CMI include the Wiscon- 
sin System of Instructional Management 
(WIS-SIH), the Instructional Management 
System (IMS), the Interactive Training 
System (ITS), and the Stanford Project 
(Splittgerber, 1979). Numerous CM pro-* 
jects in reading have been implemented 
eince the mid-1960s that capitalize on 
both drill and practice and tutorial 
modes (Atkinson, 1968; Atkinson, Fletcharr 
Chetin, fi Stauffer, I970i Atkinson ( Paul- 
son, 1970f Madachy ( Miller, 1976i and 
Morrison, 1979), Computers have also 
been used to establish the ''readability'* 
levels of print material (Barry, 1979f 



Barry fi Stevenson, 19751 Pani^, 1968f Kar- 
tenr 1978r and walker fi Boillot, 1979). 

Recently, reading socialists have 
posited that fluent reading develops as an 
integrated process rather than as a loose 
collection of reading subskills. Pluent 
reading entails much more than the sum of 
specific skills. Such skills provide a 
necessary but insufficient foundation for 
the developiDent of mature reading' (Good- 
man, 1976i Smithr 1971). Profound in its 
implications, the basic idea reduces to a 
simple formula— young people need to prac- 
tice reading in order to become good read- 
ers (Allington, 1977i Daniels, 1971i Fader 
fi McHeil, 1968f and Squire, 1973). How- 
ever, students who are in most need of 
reading practice tend to read the least. 
The results are that the reading deficit 
accrues with age, ultimately resulting in 
secondary students who can neither read on 
a level congruent with their abilities nor 
enjoy reading. 

HATIONALB 

The basis for the project described in 
this paper is that students do not read 
partly because thay fail to find reading 
materials which ar~ comprehensible and 
interesting to them. However, a variety 
of books do exist that span the abilities 
and interests of virtually all students. 
Therefore, a sound argument can be ad** 
vanced that the problem is not one of 
availability but one of accessibility. 

On the basis of current trends in read- 
ing, it couJd be reasonably hypothesized 
that if various student characteristics 
and preferences could be matched with 
corresponding book characterietics, the 
probability of the student increasing his 
or her interaction with print would be 
enhanced. Further, the increased reading 
would result in a better likelihood of the 
student becoming an improved reader and 
developing more favorable reading habits 
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and attitudes* Thereforef a major task 
becomes one o£ maximizin? the match be- 
tween student characteriatics and perti- 
nent print characteristics i^. order to 
select a t>ook that the student can read 
and will enjoy* Giililand (1972) pre- 
sents th5,s task as follows: 

Readability is primarily concerned 
with a basic problem familiar to 
all people who choose books for 
their om use, or who choose books 
for others to use* This is the 
problem of matching* On the one 
handf there is a collection of 
individuals with given interests 
and reading skills* On the other 
handf there is a range of books 
and other reading materials* 
differing widely in content, 
style, and complexity* The ex- 
tent to which the books can be 
read with profit will be deter- 
mined largely by the way in 
which the two sides are matched*** 
(p* 12)* 

The time-consuming task of matching 
students and books has typically relied 
on published bibliographies; human recall, 
and trial and error* Such techniques are 
obviously limited* Finding books which 
contain all or most of a desired set ot 
characteristics is a complicated taskf in 
fact, it is virtually impossible if the 
set of characteristics is large and the 
resources for finding them are limited 
to human intervention techniques* Simpson 
and Scares (1965), Jongsma (1972), and 
Stanek (1975) have £ound that librarians 
and teachers, regardless of their in- 
tentionSf fail to accurately consider 
the reading interests of young people 
when purchasing or recommending books* 

Research over the past decade or so 
provides clues as to what variables arr 
in^rtant £or matching considerations* 
Robinson and Heintraub (1973) and Squire 
(1973) have confimed the importance of 
reading interests of students when 
selecting reading material* Further/ the 
reader's agef grade levelf socioeconomic 
ba^kgroundf sex, and cognitive reading 
ability will tend to influence reading 
preferences (Ashly/ I970f Carlsen/ I967i 
Jungeblut St Colemanf I965f Hansen/ 1973; 
Scharf, I973i and Soares £ Simpson/ 19671* 
Book characteristics which tend to be 
influential include amounts of dialogue, 
concreteness of language/ type of narra* 
tionf and the decree of action and con* 
flict provided (Carlsen, I967f Jungeblut 
& Colemanf I965f and Simpson & SoareSf 
1965)* The reader's agef gradef sexf 
ethnic backgroundf personal history, 
hobbieOf and the book's lengthf theme. 



linguistic readability, etc* f will com- 
bine in a predictable manner to determine 
just how interesting a particular book 
will be to a particular reader (Emans & 
Patykf 19671 Smith & John^onf 1972)* 
ThuSf it becomes clear that the quality 
o£ the match between a reader and a book 
is a function of numerous personal traits 
and textual characteristics; howeverf the 
literature does provide a comprehensive 
list ot the most important variables* 

TH£ BOOKMATCH SYSTEM 

In keeping vith the goal of getting the 
most suitable boolcs to students, the most 
pertinent variables were incorporated in- 
to algorithms which were subsequently 
coded for computer processing* First, 
individual student preferences regarding 
print characteristics are considered* 
Figure 1 shows the variables on which 
students can express their personal* 
sentiments* 

Three of the characteristics relate to 
the characters portrayed in the bookf one 
relates to the setting or location of the 
storyf and then 88. topical interest . areas 
are considered* Kith respect to the **in- 
terest areas,** the student siiiply indi** 
cated how well he or she likes each par- 
ticular area from .he list o£ SB topics 
on a three choice response format coded 
as follows: (Y) YeSf vdry muchf (S) 
Sometimes. It's OK*f (H) m, 1 don't* Of 
the 83 interest areaSf 20 are human drama 
themes (ecologyf drugsf personal beliefSf 
lonellnessf etc*) . 

Corresponding to each connecting line 
shouTi in Figure If an algorithm was devel- 
oped and coded into a FORTHAN subroutine 
£or a main program. Howeverf Figure 2 
displays additional algorithms for refin- 
ing the match between students and books* 
Figure 2 sHows three student traits tha\* 
represent somewhat different constructs 
£rom the student variables (preferences) 
shown in Figure 1* 

The student traits which are linked to 
various book variables are reading abil- 
ityf attitude toward readingf and grade 
level* For exairplef three algorithms use 
a measure of student reading ability to- 
gether witht (I) linguistic difficulty 
of the bookf (2) when '^he story appeal 
begins, and (3) the length of the book* 
Conceptuallyf better readers can more 
readily comprehend more difficult text, 
they can comfortably tolerate more intro- 
ductory background prior to the beginning 
of the story appealf and they will tend to 
cope better with longer books than poorer 
readers* 

Students' attitudes toward reading are 
also used (Figure 2) to help discriminate 
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among books* The algorithms use a meas- 
ured attitude score based on the follow 
ing heuristics* Students having better 
attitudes toward reading/ as opposed to 
those with poor attitudes/ will be able 
to cope with longer books, will not re- 
quire early story appeal, and will rely 
less On physical action &s a prerequisite 
for enjoying a book* Finally/ the grade 
levelf since It is associated with chron*' 
ological age and maturity/ is also com- 
pared to the linguistic difficulty {which 
is measured in grade equivalents) of the 
books and to the length of the books* 
Generally/ students in lower grades will 
not enjoy longer and/or more difficult 
books* 

A FORTRAN main program was written for 
the Xerox Sigma 6 system which includes 
subroutines incorporating the schemes 
shown in Figure 1 and Figure 2* The func- 
tion of the program is to receive individ- 
ual student variables as input and match 
them with each of the approximately 5,000 
books in the data base* Bach variable of 
each book is compared with the respective 
student variables and differential 
weights are assigned according to the de- 
gree cf match and the relative inqportance 
of the variable. The weights are con- 
verted to points and summed/ resulting in 
each book being scored for each individual 
student* The books with the highest num- 
ber of total points are listed as a per- 
sonalized bibliography for each student* 

The functional operation of the match- 
ing process {referred to as Bookmatch) is 
shown in Figure 3. As can be seen/ the 
first function is to extract a subset of 
books which are accessible to the student 
from the book data base* In most cases^ 
this subset is the school^s library hold- 
ings which have been furnished by the 
librariem* Second/ each variable of each 
book is compared with either the student's 
preferences and/or traits* The algorithms 
accumulate a point total (score) for each 
book* Finally/ the books receiving the 
highest score (most accumulated points) 
are printed* This output includes the 
author (s)/ title/ type of book (fiction/ 
nonflction/ biography/ etc*}/ and a brief 
annotation of the book* 

Each strident receives a printed li^t 
of his or .ler own personalized bibliog- 
raphy. The bibliography includes the top 
20 books and must contain some nonfiction 
and biographies along with fiction* 
Summary reports for teachers/ librarian^/ 
ard administrators are also provided. 

DATA BASE 

Of significance to the success of the 
system is the data base which contains 



information on books written for early 
adolescent readers (grades 5-9)* Hew 
volumes are periodically being added to 
the data base which presently contains 
about 5/000 volumes established over a 
three-year period* Initially/ pertinent 
book variables were identified through a 
review of literature in the field of read- 
ing* The original pool of variables was 
verified by a committee of public school 
reading teachers and university reading 
specialists* Two of the original varia- 
bles were subsequently omitted from the 
list due to variations in printing styles 
across separate editions of many of the 
books* These two variables were "number 
of pictures" {or nOn-print figures) and 
"size of type*" 

Second, a master list containing the 
titles of books to be included was com- 
piled from published recommendations from 
widely r.ecognized sources including the 
American Library Association/ Library of 
Congress/ School Library Journal/ American 
Guidance Services/ International Rr.ading 
Association/ and the National Council of 
Teachers of English* 

Reviewers were ti-ained to evaluate 
characteristics of books and to prepare 
annotations* These reviewers consisted of 
reading professionals witn masters degrees 
and with either adolescent reading or 
library experience* The book evaluations 
were checked for reliability and were 
further validated by a reading specialist* 
The annotations were refined by ^ profes- 
sional editor* Book data were then coded 
and stored for computer match of book 
characteristics with student traits and 
preferences* 

SUMMARY 

Based 'on the notion that practice in 
reading wiM be facilitated when readers 
and appropriate literature are brought 
together/ a project called Bookmatch is 
presently being implemented. In order to 
match reader characteristics an^. pre*' 
ferences with textual characteristics of 
bookS/ a medium with capabilities for vast 
data storage/ retrieval/ and rapid arith- 
metic comparison operations was required* 
The computer was the logical choice to 
handle the task* During the Bookmatch 
processing/ books are scored according to 
the degree to which they favorably compare 
to student preferences and characteristic a 
On the basic of these scores/ the computer 
provides a pri-itout with a personalized 
annotated bibliography containing the most 
comprehensible and interesting books that 
are accessible to the individual student. 
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BOOK VARIABLES STODHWT VARIABLES 

{PR£PSRB»CES} 




Figure 1. Schematic fpr matchlTi^ algorithmB of student 
preferences and book variablea^ 
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IMTRODUCTIOM AND BACKGROUND 

Computer-assisted instruction (CAI) 
in ear-training has become an important 
assistant to classroom teaching in the 
firet two years of college-level music 
theory. The 8tudent*e aural skills (which 
are needed to deal with the three basic 
elements of music harmonyt melodyt and 
rhythm) can be greatly reinforced with 
such individual instruction* Part of the 
success of this reinforcement is that 
while these elenkents are integral parts 
of a complex multi-dimensional subjectr 
they can be separated from each other to 
a great ext^ntr so that classroom teaching 
(and CAI lessons) can concentrate on 
virtually one element at a tiirie. In 
particular, this system allows the less 
advanced student to concent];ate his 
efforts upon developing his understanding 
of One broad subject at a time. As his 
skills and confidence growt he is better 
capable of identifying these elements in 
various combinationSt and eventually of 
understauiding them in their musical 
context. 

As soon as the student has developed 
sonve skill in each of these three areas 
and has begun to understand the integrated 
whole r it is necessary to introduce the 
concept of "non-hannony.* As the name 
impliest this element lies outside the 
realm of the established harmonic strucr 
t^re but relies on melodic and rhythmic 
context to differentiate among the various 
forms that it takes. Despite its rather 
negative title, non-harmony is a very 
positive part of music — an aspect of 
the concept of variety which helps to 
delineate style. In practice^ non- 
harmony takes the form of short melodic 
and rhythmic patterns which augment the 
harmonic context. These patterns fall 
into approximately ten categories for 
which terminology is fairly standard. 
Each term rsfers to a type of nOn-harmonic 
tone which defines its own special pattern 



and context. Although each pattern is 
rather specifier melodic and rhythmic 
context can vary somewhat and harmonic 
context can vary gi:atly. For this 
reasonr the necessity of drill and prac- 
tice of such variance presents a logis- 
tics problem in the classroom but is 
greatly helped by random access and tran- 
position available with CAI. . . 

METHOD 

The ear-training CAI system at North 
Texas State University employs the Auto- 
matic Music System tAHUS) designed by 
Professor Dan W. Scott of the Computer 
Sciences Department. The AMUS system 
consists of a Motorola 6800 microprocessor 
with a CRT terminal and specialized music 
hardware (MUSOR) . The microprocessor 
translates the musical score and accesses 
the MUSORt which is the actual sound- 
producing apparatus engineered by 
Professor Scott. The AMUS system is 
connected to an HP 2000-F Timeshared BASIC 
computer^ which provides additional file 
storage capabilities. This system uses a 
flexible score language for notation input 
and offers a variety of timbre and articu- 
lation possibilities. Of primary impor- 
tance is the facility of rapid playback 
which is a substantial advantage over 
other computer-based music systems in its 
cost range. 

The nOn-harmonic tone lessons were 
constructed using a simiple nielodic and 
rhythmic four-voice chorale style. This 
simplicity was not due to any system 
limitationst as the system is capable of 
rapid and complex articulations of rhythm^ 
a wide range in melody, and up to seven 
simultaneous voices for harmony. Rather, 
the simplicity Vas main^tained to limit 
the number of variables of elements other 
than those being tested and to give a 
fairly normal musical context. For each 
example heardt the basic context was a 
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five- to seven-^chord progression of four 
voices in quarter-^notes » To this strictly 
harmonic ^setting ^ One or more non-harmonic 
tones were added in eighth<-note motion 
Since there were ten categories to be 
covered, the following factors determined 
the order in which the terms were pre- 
sented. Group I consisted of the five 
non-'hannonics that normally occur off the 
beat or in a rhythmically weak position 
as compared to the note of resolution 
which comes directly after. Group II 
consisted of the four non*harmonics that 
occur on the beat or in a rhythmically 
strong position^ and usually displace or 
delay a note of the harmony. The last 
category normally has no such rhythmic 
definition. Due to the rhythmic contexts^ 
Group I is considered easier to hear than 
Group II, AlsOf in actual practice in 
music literature/ the patterns in Group I 
generally occur more often than those in 
Group II. 

Within Group I, the five unaccented 
non<-h armonics (with their standard abbre<- 
viations) were presented in this order; 

1. Unaccented passir^g tone . (UPT) 

2. neighboring tone, upper and lower 
<UHt ^) also sometimes called 
"auxiliaries'* 

3. anticipation (ANT) 

4. escape tone or echapee (ET) 

5. changing tones (CT) 

Within Ciroup II the four accented non-^ 
harmonics were given this order; 

6. accented passing tone (AFT) 

7. suspensioii (StIS) 

8. retardation (RET) 
0. appoggiatura (AFP) 

The final example was: 
10. pedal tone (PED) 
The ir'^rnal order of the two groups was 
chosen to present the most-often heard 
categories first* i=n ordfer ta a±aj:t the 
student j^th the most familiar patterns .The 
only estception to this practice occurred 
with categories 8 and 5. The less-often 
heard retardation <|8) was placed before 
the appoggiatura <|9) in order to present 
it directly after the suspension, on which 
it is patterned. AIso^ this order was 
selected because ^Ui<unary lessons are used 
in various places between individual pre*- 
sentatiOnSf and a t mmary to show simi*- 
laritietL and differences between the sus-^ 
pension and retardation would logically 
come before proceeding to the next (and 
less-^rel \ted) non<- harmonic. 

The general need for both immediate 
and cumulative summaries of such a large 
number of elements resulted in seven such 
lessons being inserted into the sequence 
already discussed. While each of the ten 
single-element lessons seemed well served 



by the examples (which were carefully 
written to provide maximum exposure to 
the variations encountered in music), the 
summary lessons gradually grew in number 
of examples since they demonstrate a 
variety of combinations of these elements. 
Of course, this variety is further 
expanded by random selection and trans* 
position. 

A standard format for the student's 
answer was Kept for all of the lessons. 
Because of the complex situation presented 
by non-harmony, the student's response 
could not be reduced below three elements: 
the rhythmic, melodic, and non*harmonic 
contexts. (This sequence best repre<- 
sented the student's understanding of the 
factors involved, as determined by the 
author's experience in teaching.) 

For the first element, the student 
types a number from one to six* locating 
the beat with which the non*harmonic is 
associated. (Although many examples are 
seven chords long, a basic precept of non-^ 
harmony is that it must finally resolve 
into harmony. Therefore ^ nOn-harmony 
could not. be. associated with the seventh 
beat.) The second element of the stu<- 
dent's answer is a capital *'S*' or "B" 
which indicates that the nOn*-harmonic 
occurred in the soprano or bass melodic 
voice. (The choice was limited to the 
upper and lower voices to afford a measure 
of variety while avoiding the unnecessary 
complication of determining locations in 
inside voices when these voices can be 
extremely close.) The third and last 
element of the student's answer is the 
abbreviation that identifies the non-^ 
harmonic itself from among the ten pos- 
sible labels. Even though this part of 
the answer would be obvious in any of the 
singles-element lessons^ the act of typing 
the abbreviation reinforces the student's 
aural impression and establishes a pattern 
of response which does not. need to be 
alteied for the summary lessons. All 
elements of the answer were separated by 
commas, even when the example involved 
more than one non<-han.ionic response. 

One other factor, a chord tone, was 
added to a few random exampJ.es within 
each lesson. A chord tone may resemble 
a non-harmonic tone in rhythmic and melo** 
die placement/ but it is part of the har* 
mony (as opposed to nOn*-harmony) # and its 
pattern of usage does not necessarily 
parallel that of a non<-hurniOnic tone. 
This factor was added to insure that the 
student would truly listen for non<-hdrmony 
and not just attempt to label anything 
that moved] These chord tones do not 
require any response from the student 
other than to understand that they were 
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notes which; were not part of the non- 
hariAonic answer* 

tt£St)LTS 

In final sequence f there are seven- 
teen lessons f delineated as follows* 

NI* UPT - Unaccented passing tones 

occur most often of any of the non- 

hatmonics and are located equally 

well in soprano or bass* 

N2. UN, LN - Upper and lower neigh- 

l>ors occur mainly in soprano, as 

reflected i0^he examples. 

n3* ant -^Anticipations occur almost 

exclusively in the soprano and 

usually very close to the end of 

the progression* 

N4* Immediate summary of Lessons I, 
2, and 3 (the most-often heard 
unaccented non-harmonics)* 
N5* ET - Escape tones occur mainly 
in the soprano voice* 
N6* CT ^ Changing tones involve a 
definitive four^note pattern and 
occur only occasionally in the bass* 
n7* Immediate sununary of Lessons 
5 and 6 (somewhat similar patterns}* 
N8* Ciunulative summary of all unac- 
cented non*- harmonics (Lessons 1 
through 7) * 

N9* APT ^ Accented passing tones, 
like unaccented ones, occur in both 
soprano and bass* 

NIQ* Sommary of APT and Wi (Lessons 

1 and 9}* These two patterns occur 

quite often and are alike except 

for rhythmic placement* 

Nil* S Suspensions occur in both 

voices in many cases* 

N12* RET - Retardations parallel 

suspensions in every way except 

that they resolve up instead of 

down* 

N13* Immediate summary of the ac- 
cented non^hatmonics covered thus 
far (Lessons 9, llf and 12)* 
N14* MP - Appoggiaturas may hav^ 
slightly varied melodic patterns 
and most often occur in the soprano* 
NIS* Cumulative summary of all ac^ 
cented non^hatmonics (Lessons 9, 
11, 12, 13, and 14) * 
N16* ?E0 - Pedal tones are the least 
often usedf but are the jnast obvious 
non-^harmonics to identify* occurring 
mainly in the bass* 
N17* Pinal cumulative summary of all 
of the non-* harmonics (This lesson 
contains the most examples) * 

SAMPLE 

The following example shows Lesson Nl 
(UP Xth comments on specific features* 
Ct L, 1/13/80/ JCGT & ATC 



Ct CHOBD PROGRESSIONS WXTH UNACCENTED 
C I PASSXNG*4T0NES 

H: FIRST ANSWER IS THE NUMBER OF THE 
fl^* CHOTO^AFTER VmxCH THE MON-HARMONXC 
Hi TONE :SOUNDS. 

h; second answer xs "s" or "b" for 

h; sopitano or bass voxce where the non- 

Hi harmonxc tone occurs ^ 

Hi THXRD answer XS THE ABBREVXATION (UPT) 
Hi for the NON-HARMONXC* 
HI TYPE LETTERS XN CAPXTALS (WXTH SHXFT 
HI KEY)* 

Hi (SOME MOVXNG EIGHTH-NOTES MAY BE CHORD 
Hi tones*) 

The **H** statements are "hints** vhich the 
student may branch back to at any time to 
obtain reminders ^dbout valid answers and 
format* 

Ti $N, HERE'S A LESSON TO HELP YOU LEARN 
Tl NON-HARMONXC TONES* 

Tl THESE WXLL BE UNACCENTED PASSING-TONESL 
Pi 2 

The **T** Statements are 'cexts which the 
student sees^ and the "$11** addresses the 
student by his own name. The "Pi 2** is 
a two-second pause (with the text still on 
the screen) to allow the studeit to absorb 
the infomation* 
CSi 
Si 2 

Tl X'LL PLAY 5 TO 7 CHORDS* 

Tl YOU TYPEl WHICH CHORD (1/2,3,4/5 OR 0 

T; 6} THE NON-HARMONIC OCCURS APTER/ 

Tl WHETHER THE N(W-HAKMONXC XS XN SOPRANO 

T** OR BASS (S OR B) XN CAPITALS* 

Tl THE ABBREVXATXON FOR THE NON-HARMONXC 

Tl (UPT) XN CAPXTALS* 

Tl TYPE A COMMA {/) AFTER EACH PART OF 

Tl YOUR ANSWER* 

Tl FOR XNSTANCEi 3,B/UPT 

Tl MEANS THE NON-HARMONXC OCCURRED AFTER 

Tl THE THXRD CHORD, XN THE BASS VOXCE/ 

Tl AND XT WAS AN UNACCENTED PASSXNG- 

Tl TONE* 

PI 10 

The"CS** then clears the screen so that the 
following text can appear as a stationary 
groi^ without rotating off the screen* 
**St 2** double-spaces the text of added 
visual impact* The text contains specific 
instruction on the anwer format and gives 
a hypothetical student response with 
explanation* Agidn, there is a pause of 
ten seconds for comprehension* 
T; HERE'S AN EXAMPLE (WXTH ANSWER), SW- 
Ts $R 4CD 3C 2E GE 
Tl 4EE 

Tl 4G 3BD 2D GQ 
Tl 4B 3CU 2G CUO 
Tl 4F 3C 2F ADQ 
Tl 4G 3GD 2D BE 
Tl CUB 

Tl 4GD 3B 2F DO 
T; 4CU 3G 2E CH 
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*rt ? 
P: 20 
Tt %s %E 

T: YOUR ANSWER: 5/S,UPT — RIGHT, $N ? 
10 

The next section plays a sample example 
for the student (lines I45 ^ 205 process 
the sound) and then gives the correct 
answer with a pause for comprehension* 
Tt BEMEHBERt 

Tt TYPE A BETWEEN THE PARTS OP YOUR 
Tt ANSWER, 

Tt TYPE A TO RB'HEAR THE MUSIC, 
Tt TYPE " //HINT" FOR A HINT ABOUT 
Tt ANSWERS, 

Tt (YOP HAY WANT TO QSB PAPER AND PENCIL 
Tt TO JOT DOWN ANSWERS BEFOKE YOU TYPE 
Tt THEM IN,) 
Pt 10 

The student then sees the final reminders 

on basic procedures for dealing with the 

natsical examples, 

Tt LET'S GET STARTED, $Nl 

Vt 123456SBUPT/ 

Qi 10<R\DVP4/S\3> 

The actual examples are then announced 
to the student, ^ "V"^ gives^the valid 
characters for the student^s answer. For 
every lesson the first eight characters 
are the sanie; the numbers 1 through 6 , 
are the possible answers to the first 
question of beat (rhythmic placement); 
and "S" and "B" are the possible answers 
for voice (melodic) placement. The last 
characters label the non^harmpnic and 
range from a single one^ to three^ letter 
grouping (for the single-element lessons) 
to the complete list of all non^harmonic 
possibilities for N17, In this sample 
lesson of Nlf only the single abbrevia^' 
tion of UPT is valid. Finally, "Q" 
formats the questions, in this case 
there are 10 possible examples from 
which the program matces a random selec^ 
tion and a direct comparison* ilie stu^ 
dent completes the lesson when he 
answers fOur out of five times correctly f 
and he is allowed three tries.befobe the 
correct answer Is given by the coinputer. 
Ten examples then follow which are 
similar to the sampJe example of lines 
145 through 190, 



responses are kept and made available to 
the classroom teacher for evaluation and 
advising* 

SUMMARY AND CONCLUSIONS 

Music poses Interesting Instructional 
problems because It shares with other 
fields (for exampief chemistry and math) 
a well**defined vocabulary for mAisical 
elements. However/ musical teaching must 
include showing the relationships among 
these elements. NOn*harmony is an essen* 
tlal component of these relationships/ 
and thus forms a model for the solution 
to the problem of teaching relationships 
In many fields, 
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Discussion 

The seventeen lessons of this nOn~ 
harmony project are all presented in 
parallel format to establish a consistent 
pattern of thought and approach and to 
minimize confusion as the lessons grad^ 
ually become more complex. Each element 
is introduced in ^ lesson devoted solely 
to its problems and contextSf and summary 
lessons gradually comibine the elements in 
a logical order. Data on students* 
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INTRODUCTION 

Although digital computers hftve 
ba^n prcaetkt Iti educatlotval Inatltu- 
tlona for over 25 jrears, only a aotall 
percentage of atuda^^ts have b«an ex- 
poaad to thea* As tha cost of con-" 
putlng cotitluuas to decline, It la be- 
coming financially fei^slbla to Intro- 
duce the 'ttajorlty of atiideuts to com- 
puting and data proceasli\;^* 

Dr. Andrew R. Holuar \l) Is an. ^rU.- 
cul/ te spokeaman for tha lAxpanded Inta- 
gratlon of tha computer into American 
education* Citing our shift from an 
Industrial aoclety to a knowledge-based 
society together with the International 
challenge to uur techn(^ log leal leader- 
ahlp. he makes a compelling case for 
computer literacy* Dr* K:»lnar Is not 
alone his views* The ter*)^ "computer 
literacy^* la being Increasingly used 
and dlacuased at educational confer-" 
eaces and In the educational lltera^' 
ture * 

The objective o£ thlr pap^r Is to 
explore the future content o^ computer 
literacy education* Basr ' upon an 
ataeaaaent of current compute r/dat a 
proteasing education^ trends In tech- 
nology, anc' a projection o^ the future 
InformatloTr environment, a set of three 
future aklll categories la defined* 
*^- Computer/Data Processing Pro- 

fesalcnala (2) - the computer' 

experts 

Information System Profession- 
als (3,4) - the Integratora of 
the computer and bualness pro- 
cesses 

The End Users - the Information 
ay^tem cuatoner 
The flrat two categorlea are, of 
couraa* key areas requiring educational 
planning and Investment* Bowever. from 



a statistical point of view* they will 
represent a small minority of the popu- 
lation Interacting with future Inf orme- 
tloD systems* It Is the end user major- 
ity for which computer literacy Is 
probed In this paper* The result of 
this exercise Is a recommendation for 
the crestlon of a course entitled *'An 
iDtroductory Course Iti Informstlon 
Literacy** for the majority of under^ 
graduate students who are pursuing a 
major other than computing* 

TECHNOLOGY DIRECTIONS 

The i9d0a yriH conceivably see an 
order of magnitude growth In computing 
power* Responalble for tnls growth 
will be the continued decline In cost 
of electronic component a together with 
the elaatlc demand for data proceaalng 
services* The concept of the computer 

change as proceaalng capability Is 
dlatp . uted Into many devices* Today's' 
hobb t with a microprocessor at home 
capat J of communicating with o distant 
large computer la a beginning example 
of distributed proceaalng* . One of the 
reasons for thle trend Is that the 
cost of computing has dropped below the 
cost of nmunlcatlon* Thus It bacomea 
dealrabl ;o aatlsfy local data pro- 
cessing teqitlremonts at the acurce 
while communicating only that data 
required by other sltea* Communication 
costs will alao continue t'o decline 
as newer forms of broadhajd communl* 
cation, such as satellite tranaiilaslon* 
become commonplace* Again, aa in t^^e 
computer Induatry, change wlM he drama- 
tic In the communications Industry* 
There can be little doubt that Informa- 
tion technology growth vlll continue to 
he algnlflcant through the latter part 
of thla century* 



NOTE: The views expressed In this paper are those of the author 
and do not necessarily represent the vlevs of the International 
BualnaaS Hachlnea Corporation^ 
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The key Implication ulch regard to 
educational curricula la that not only 
will coaputera change, but tha Inforaa^ 
tloQ envlronnent In which they operate 
will changat the wy data elenenta are 
iiov«d» atoredt aod uaed will be altered 
aa nail aa the nay they are proceased. 

An analogy to transportation aya* 
teaa can be drawn >ere. Vehlclea* road^ 
nays* and parking facilities are compo^ 
nents of a tranaportatlon ayatan Juat 
aa conputerat coounlcatlone* data* and 
applications are coaponeitts of an Infor* 
nation ayetan. Vehicles are not 
studied In Isolation by urban plannera* 
and correapondlngly conputera ahould 
not be studied In Isolation fron other 
components of the Inforaatlon system. 

CORREHT COMPUTER/DATA PRQCESSIHG 
gPPCATlOH 

For the purpose of this discussion* 
It la convenient to think of three 
clasaea of students that correapond to 
the aklll categorlea presented In the 
Introduction. 

Computer Hejore tho e prepar- 
ing for careers In da^a process*- 
Ing. 

. Information Sy a terns Majors - 
those preparing for careers In 
managemenc with a major In Infor- 
mation systems* 
. Other - those with career objec^ 
tlves other than computing or 
data processing . . . the future 
end users. 
Dr. J. Hamblen's most recent Inven*- 
tory of computing In American education 
(5) provides Insight Into the relative 
dlatrlbutlon of these claaaeat In ex- 
ceaa ttt 90X of the students fell Into 
the "other" category while 30Z of the 
Inatltutlona offered courses In the 
flrat two ci^tegorlaa. From theae sta- 
tlatlcat It would seem the computer 
major la receiving more than hla fair 
ahare of resource^. 

The status of Information systems 
CIS) education la addreased in a recent 
article <6} reporting preliminary 'find- 
Inga of the ACH Curriculum Committee 
for Information Syatems. Prof. Jay F. 
Nuna^akert chairman of the committee* 

.^d! "Tha IS field Integratea sya- 
.ema analystat atatlatlcat management 
aclaacet accountJngt economics * f ln<^ 
ance* marketing* production and <;ompu- 
ter and communication te<;hnolo*- 
Slas t . . "Tha U.S. has nearly five 
coiiputer science departments for every 
IS department according to a recent 
study not connected with tha ACH Inves- 



tigation. Nevertheless^ the nation has 
a much higher demand for peraonnel* 
such aa IS graduates, who have a combin- 
ation of technical and organizational 
akllla than for computer science grad* 
uate*: with ^aolely* technical akllla.** 

Vlth the prevloua discussion aa a 
baalat certain concluslona can be made 
regarding future educational require- 
ments of the three categorlea of stu- 
dents previously defined. 

FUTURE EDOCATIOHAL REQOIREMEHTS 

; Vocational and Computer Science 
Frof esslonala The demand for 
thla type of professional to- 
gether with the curriculum 
needed to prepare him or her 
appears to be relatively well 
undaratood and served by the 
educational community. 
Information System profea- 
alonala - As reflected by the 
Nunamaker study* the Information 
system concept has been slower 
to emerge. However* due to the 
efforta of the ACH (3*4). and the 
nation's bualness schools (42 of 
the 52 satisfactory IS under- 
graduate programs were compo^ 
nenta of business or management 
colleges) (6)* the problem la 
understood and undoubtedly atepa 
will be taken to Improve the 
quality and quantity of Informs^ 
tlon syatem graduatea. 
. All Othera (the future end 
users) - It Is this group for 
which current computer literacy 
appears to be Inadequate. They 
will take their placea In market- 
ing* production and admlnlstra^ 
tlon with a cursory knowledge of 
the computer but not the Informa* 
tlon system In which they func- 
tion. A hard-earned lesson In 
the computer Indut^try is that ^ 
maj^r cause of Information ays- 
terns fallMs has been that they 
didn't do what the users ex- 
pected* The end users must rep- 
resent their needs ss Input to 
the Information system design 
process. 

The following course description 
addresses the minimum elements of an 
Information literacy offering. 

A« IHTRODPCTORY COURSE IH IHFQRMATIQH 
LiTERACt 

There are £our key components In 
thla Information Uteracy proposal: 
computers* application programming* 
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data* aiid communlcAtloiiB. The couputer 
portion could be eatlefled vlth the 
tradltlonel "Introduction to Coaputlng/ 
Data Froceetlttg** course currently avail* 
able at many Instltutlone* There Is no 
need to elaborate here on the contents 
of this type of course. 

Application Programming 

^Jodlng In a high-level language Is 
not sufficient to understand the role 
of application prograuttlng* In factf 
£or the generallstf It may be of second* 
ary Inpor tance to an avareness of the 
application requirements/ preliminary 
deslgti process* The following topics 
ahould be a Jd teased : 

Requirements Study 

Documenting Information flov 

In an organization 

• Pre r imlnary Application System 
De^^^n 

- transaction definitions 
Screen formats 

Generation of a Software 
Specification 

• Design of an Application 
Software Module 

Flowcharts 
* HIPO diagrams 

• Coding of an Application 
Software Module 

- Cod Ing 

- Testing 
Debugging 

Pats 

Much ss the treasurer Is res|lpn-* 
slble for the money resource In -an 
organization^ the business community 
has come to realize the value of their 
data records and the need to assign 
nanagement responsibility for their 
safekeeping and use* An Informstlcn^ 
literacy course should Include the 
following sub j ects* 

The Concept of Data as a Re-* 

source 

Data Characteristics 

- Physical relationships 
Logical relationships 

Storage Alternatives 
. The ttole oi Data Base Adminis- 
tration 

- Data dictionary concepts 

Copimun lea t Ions 

The fourth and final component of 
the Itiforttntlon literacy offering* com-* 
•uolcatlonSf should Impart an awareness 
of the regulatory * cost* and techno lo-* 
$lcal aspects of the links In a contem- 
porary Information system^ 



* Industry Structure 

Common carrier services 

* Switched 

* Leased 

Value added ~ packet 
switched 

* Satellite 
. Other 

- Tariffs 

Information Networks 

Combinln(; communications 
and data processing 

- Network architectures 

Centralised 

* Distributed 

* Design Tradeoffs 

High volume - batch 

- Interactive 
Public vs private 

It should be noted that each of 
these four topics Is a complex special-* 
ty In Its own right* No pretense Is 
made that skill ^n any of the topics 
would be developed through the course* 
but rather a conceptual knowleJge of 
the elements In an Informatloti systeib 
would be gained* Also of equal Impor 
tancfif the role of the end user In an 
Informtlon systeib design would be estab 
llshed* 

A two*setiester sequence would be 
desirable; however* a one-*semester sur- 
vey course could also be of value* The 
business school* because of Its prece- 
dence In Information systaits currl^^ula* 
would be a logical choice to of*er this 
it^troductory course* 

In conclusion* It Is hoped that 
this presentation stimulates thinking 
In the educational community with 
regard to its rol^ in preparing stu- 
dents to coexist with information tech-* 
nology in the Zlst century* 
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INTRODDCTIOl* 

The average tJ. S* citizen has not the 
foggiest ^idea oi' how computers wor)c and 
how pervasive their influence actually is. 
Consequently, he has no idea of what to 
do when a computer ma)ces a inista)ce; he has 
no idea of how to vote on local, statef or 
national issues involving computers (e.g., 
the establishment of a national data 
ban)c}f he iSf in shortf culturally dis-^ _ 
advantaged. 

It is therefore essential that our 
educational system be modified in such a 
way that every student (i.e., every pro- 
spective citizen) become acquainted with 
the nature of computers and the current 
and potential roles which they play in 
our society. It is probably too late to 
do much about adults, but it would be 
disastrous to neglect the next genera- 
tion. 

- Committee on Computer Educationf 
Conference Board of the Mathe- 
matical Sciences 
For today^s children, understanding 
computer fundamentals is one very 
important factor in building an informed 
citizenry for the future. Students who 
ar^ computer literate will hav€ . setter 
career opportunities and less career 
9hoc)c. They will be better able to cope 
in a world with rapidly moving and ever- 
changing technologiy. Thus, in this era 
called the Age of Information, schools 
cW no longer delay in bringing the 
computer into their curricula. 

A BYTE OP BASIC 

Seeing the need to cret some kind of 
program with computers started in her 
school distriotf the author of this paper 
wrote a proposal to pilot a computer 
literacy and BASIC programming class at 
the junior high level. The district pur- 
chased an Apple II microcomputer and 
things were off and running. 

A class of fifteen eighth and ninth 
graders was ohosen for the project. The 



class, to be one semester long (eighteen 
wee)cs) , met five days a week for fifty- 
five minutes. The Apple II is a 32K 
system with a Centronics printer, ^t was 
folt a hard copy would be a benefit in 
that the students would have <<omething 
tangible to take home to show to their 
parents. 

The class was begun by acquainting the 
students with computers in general: what 
is a computer systenif what are its parts, 
and what does each part do. Using their 
knowledge and expanding what they kneWf 
the class discussed various types of 
input/output devices as well as particular 
usagef i.e^, in businesSf industryf 
science, and research. 

In order to get the students on the 
computer as quickly as posffible, flow- 
charting and algorithms were t'le next 
topics presented^ As it was important for 
the students to be able to break down a 
problem into its component parts and 
analyze each st^p of the solutionf flow- 
charting was introduced as a pictorial 
representation of this process. 

Simple progrsmmiing was introduced next 
to acquaint students with the computer. 
Feeling comfortable with the computer and 
learning the on-off procedures in using 
the computer were the main objeotives. 
The introductory programming was c^imple to 
insure each student initial success at the 
terminal. 

Bgg cartons were then used to build 
personal computers for each student. In 
beginning to write more difficult programs 
the students had to put tlieir program 
through their ''EGG 12" system first to be 
sure it was doing what they had intended. 
Once it was demonstrated that it would run 
on their computerf they could run it on 
the Apple, using this technique forced 
th^ to evaluate their own work and make 
corrections as needed. 

As the class progressed through the 
semester, more and complex programming 
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was introduced. Most all of the common 
BASIC statements uere used (LET, IF-^THEN, 
TAB, GO TO, REM, POR^NBXT, PRINT, etc.) 
and also some library functions (SQR, ABS, 
IMT, RHO)* In addition, as the machine 
being used has color graphic and string 
variable capabilities, these were soon 
added to the repertoire of the student 
programmers. 

Interspersed among the programming 
lessons, other topics were presented. In 
answer to the question of what does the 
computer do with the program once it has 
been typed in at the terminal, machine 
language and the binary system were dis* 
cussed. Changing numbers back and forth 
from base two to base ten, and adding, 
subtracting, and multiplying in base two 
were some typical class activities. A 
comparison was also made of a program 
written first in BASIC, then in .assembler, 
and finally in machine language. 

'*'he concept of language interaction 
resulted in the introduction of the 
origins of BASIC and the history of com- 
puting. Beginning with Stonehenge, the 
abacus* and the slide rule, the class 
proceeded through Pascal, Babbage, 
Hollerithf Aiken, Hopper, von Neumann, 
and others. This discussion of the 
development of the ccmtputer and its 
changing faces served to illustrate 
whore we are in terms of both current 
computing capabilities and conjectures 
about the future. 

The class enjoyed learning to use 
various computing devices, the abacus 
being of particular interest to them. 
The slide rule and calculator were also 
introduced as well as a ten-^year old 
Hewlett-Packard ,2000 series computer, 
which required marking Hollerith cards 
with a pencil. As the students were 
exposed to these devices, they learned 
both the limitations and the capabilities 
of each. 

An important part of any literacy 
class is not only learning what a computer 
can and cannot do but also keeping up with 
some of the literature available on com-* 
puters. Throughout the course the 
students had to read a number of articles 
from various periodicals acquainting them 
with what was going on in the world of 
computing. They had to bring current 
articles in from magazines and newspapers 
and write reports. The vocabulary of 
computer*ese was carefully dis<-ussed so 
that as complete an understanding as 
possible was available. Any ne^' develop- 
ments of computer usage were al&o pointed 
out and discussed. 

Field trips were made to obsarve the 
use of computers outside the classro om, 
and several pwple working Jn tT^o com- 
puting field mrs invited "-^ speak to the 



ERLC 



class. They discussed various jobs 
directly related to using the computer, 
the tra'ning required, the responsibili* 
ties that go with the jobs, and the avail* 
ability of openings in the field. 

It was hoped that with the completion 
of this course the students would have a 
working background knowledge of program;* 
ming, that all fears of a computer would 
have been extinguished, and that they 
would be aware that computers have great 
potential and capabilities but also limit* 
ations. If the development of the 
computer continues at the rapid pace at 
which it is now moving, the students* 
world will truly be a computerized world. 
Any knowledge of the field they can gain 
now will ser/e to make their lives that 
much easier upon completion of their 
education. 

FINDINGS 

This first class was an enthusiastic 
group of fifteen students. They were 
eKcittid about working with the computer 
and could hardly wait for some hands-^on 
experience. This enthusiasm continued 
ju:oughout the semester. Each time the 
students wrote a program, they immediately 
wanted to test their programming abilities, 
gaining a great deal of satisfaction in 
watching the computer do what they had 
intended. 

But while there was enthusiasm, there 
was ^Iso some apprehension among the 
students. One of the primary goals of the 
class was to overcome this fear. The 
students need to be comfortable and feel 
at home with the terminal. Providing them 
some initial success with computers was a 
way of achieving this goal. 

The biggest problem for the class was 
the availability of only a single terminal. 
With fifteen students writing two and 
three programs a week it was difficult to 
schedule 'cime so they each could use the 
computer at least twice a week. Some came 
in before S'^hool, others during lunch and 
after school, as well as during the full 
hour being used during class. It is hoped 
this problem will be alleviated next 
semester with the acquisition of four 
additional microcomputers. 

Another problem encountered was the lack 
of typing skills in the students. Having 
to use the On&*f inger*hunt"and*peck method 
consumed a lot of time when they, were 
re^dy to type in their programs. As the 
c^ass progressed through the semester they 
became better and faster at getting their 
programs in, but it remained a time* 
consuming problem throughout. 

Now that the first class is over, the 
students are asking for a second class at 
a higher level. They are very interested 
in the mar.y far^ets of the machine and 
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would like to pursue its capabilities. 
Unfortunately a second course in computing 
is not currently available at the junior 
high level (it is at the high school)^ t>ut 
it is hoped that these students can be 
used as resource personnel. With their 
ability to program and run demonstrations, 
they may be called on by teachers wanting 
information or simulations. By using the 
computer In other classrooms, it can 
become an integral part of the entire 
school curriculum. 

FUTUBE OUTLOOK 

The computer programming and literacy 
claJss at Grant Junior High >ias a pilot 
class for the district. Before jtimplng 
in with both feet the district felt it 
best to try an initial program, evaluate 
that one, and go on from there. 

Concurrently with piloting this class, 
visitations to other school districts 
with a computer curriculum already in full ■ 
Swing were made. As at Grant, there 
appeared to be good student interest, but 
also considerable frustration over the 
inadequate number of terminals available. 

Then, with recommendations from visit- 
ations, attendance at several conferences, 
and research in the area of computer 
education^ a proposal was formulated for 
the implementation of microcomputers into 
the school district. The proposal calls 
for one junior high and one senior high in 
the district to be fully equipped to begin 
the implementation. It is hoped that 
these two schools working together would 
bti able to iron out any problems that 
would arise so the full district-wide 
implementation would progress smoothly. 

The proposal for the computer imple** 
mentation specifies definite curriculum 
recommendations. At the elementary level 
the gifted and talented program already 
is doing some programming. The proposal 
calls for some subtle exposure of the 
other elementary students — at least to 
acquaint them with computers so that 
their fears are eliminated. 

At the junior high level it is planned 
that all students at some time during 
their three-year career take a computer 
literacy course (possibly nine weeks)* 
Structured within the class would be a 
basic introduction to computing — what 
the computer can and cannot do. in 
addition to the literacy course a class 
in computer programming would be offered 
for those students who would like to 
pursue the programming aspect. Also it 
is hoped other disciplines (math, science, 
social studies, and English) would want to 
use the computer as a demonstration tool 
for simulatl "is, data processing for 
experimental r classroom results. 



tutoring individuals, or any other func- 
tions » limited only by the imagination. 

Proc'^amming in higher level languages 
as well as practice in developing software 
would be offered at the senior high level. 
The proposal also recommends the computer 
be used as a tool in higher level math 
courses^ in science and social science 
classes, and in the business department 
for data processing. 

As staff members ,at each of the schools, 
in addition to the students, would need 
exposure to the machines, the proposal 
also provides for inftervices and actual 
classes for faculty members not familiar 
with computers. Xt is hoped that teachers 
in various disciplines would then be 
interested in the computers and want to 
use them as a demonstration tool in their 
classrooms. 

The school board has just recently 
accepted this proposal for a two'^year 
implementation of microcomputers into the 
schools in the district. The hardware 
requirements are not merely cos t'^ef feet ive 
but also offer the opportunity to improve 
the quality of education. Where once this 
type of technology was used by a few 
privileged persons, today it is becoming 
ubiquitous. A degree of flexibility has 
also been built into the proposal so 
changes or enhancements to improve the 
program can be made. 

Education is missing an opportunity if 
not a responsibility if it fails to pro- 
vide its students with the necessary 
background to move into the "information 
age." He need to start now to provide the 
public with tlie understanding of this 
information science and technology. As 
J.C.H. Licklider put it: "People must 
master the technology or be mastered by 
it." 

BOUXPHEKT hlS*t 
High Schools: 

Apple II 48K 
Video 

Double disk 
HF Oscillator 
Firmware Card 
Radio Shack 
32K addition 
Double disk 

15 Radio Shack 4K Level II 
Master slave 
Interfacing connectors 
printers where needed 
Junior High Schools: 
Apple II 48K 
Double disk 
Printer 

8 Radio Shack 4K Level II 
Master slave 
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A COMPUTER tfORK^^HOP 
FOR ZtHHEHTABY MO 
SECONDARY TEACHERS 

Herbert L, Dershem 
John T, Whittle 
Hope College 
Holland, Michigan 49423 
(616) 392-5111 



INTRODUCTION 

Although computers have been used by 
secondary teachers for a long time, only 
recently has the microcomputer made it 
economically feasible for the elementary 
teacher to use the computer in the class** 
room. In addition, new technological de- 
velopments have made it possible for 
secondary teachers outside the fields of 
mathematics and science to use the compu* 
ter as a classrocm tool. Recent reports 
and recommendations (1,2) have emphasized 
these facts and indicat^^d the need to 
make teachers aware of the potential the 
computer possesses as a tool in the 
classroom. 

This paper describes a two^week work** 
fthop which was offeree! by the authors in 
the summer of 1979 to provide teachers 
with knowledge of computers as they are 
applicable to the teachers* classes. 

ORIGIN AND OBJECTIVES OF THE WORKSHOP 

Through working with students and 
teachers at both the elementeu:y and 
secondary level, the authors became 
convinced that the computer is a valuable 
educatipnal tool. But it was apparent 
that the computer could be used effect 
tively only if the classroom teacher was 
aware of its potential, tfe believed that 
once the teacher learned to use the com^ 
puter, he or she would be able to use it 
in creative and innovative ways in the 
classroom, ^he biggest step was over^ 
coming the teachers' fear and Awe so that 
they could implement their own classroom 
computer applications or adapt those of 
others to their own needs. 

tfith this in mind, we designed a two** 
week workshop with the following objec-- 
tivefl; 

1) The teacner will be sufficiently 
familiar with the operation of a compater 
to instruct others in its use. 

2) The teacher will know where to find 



resources for ideas, activities, and 
programs related to the classrocm use of 
computers. 

3) The teacher will know the BASIC 
language well enough to w^rite simple pro-^ 
grams, to introduce the language to stu** 
dents, and to read any BASIC program and 
make minor modific^itions to it. 

4) The teacher will have sufficient 
understanding of tL? way a computer works 
to explain it to students. 

5) The teacher will know the techniques 
and approaches most frequently used in 
instructional computer applications and 
have experience in their use. 

6) The teacher will have c^signed and 
implemented at least one computer, activity 
for his or her classroom and be capable 
of developing others. 

7) The teacher will know the types of 
computer equipment available for class- 
room use and be aware of advantages and 
disadvantages of each. 

The workshop was intended for teachers 
who had no previous experience with compu* 
ters and who wished to explore ways in 
which they could improve their teaching 
by use of the computer. 

HOBKSHOP FORMAT 

The workshop was divided into two 
parts, a laboratory and a lecture^ each of 
which met for one hour and fifteen min* 
utes every *\ay for two weeks. Upon com* 
pletion of the coyr^Je, the teachers re- 
ceived two hours of college credit. 

The BASIC language was taught in the 
laboratory portion of the course. Actual^ 
ly^'two laboratory ses«;ions were held each 
day, one before and one after the lecture, 
half of the participants attending each 
session. Ten Radio Shack Level II 16K 
TRS*dO computer systems, loaned to the 
college by Radio Shack, were set up in the 
laboratory and each participant was seated 
in front of a unit. The textbook, "Using 
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BASIC by Julien Hennefeld (3)^ was chosen 
because it contains many sample BASIC pro^ 
grains to illustrate concepts* A set of 
these prograjns was placed on cassettes 
for each laboratory? then during the lab- 
oratory each participant would load a pro^ 
gram from cassette. Next/ the instructor 
would talk about the concept illustrated^ 
have the participants run the prcgrdia* 
and usually ask them to make modifications 
to see the effect. The topics covered in 
the laboratory during the first week were 
as follows: 

Day 1 * How to use the computer 

L£T statements 

PHINT statements 
Day 2 * GO TO statements 

IF-THEN statements 
Day 3 - INPUT statements 

FOR-NEXT statements 
Day 4 - Subscripted variables 

Grapiiics 
Day 5 - String variables 

PRINTS statements 

During the second week the laboratory 
time was used for each participant to 
design and implement a useful classroom 
computer activity. The instructors as- 
sisted the participants in the design 
and programming of the activities. Addi- 
tional features of the BASIC Ic&nguage and 
advanced programming techniques were cov- 
ered as they were needed. On the final 
day of the workshop each of the ^artici^ 
pants presented the results of his or her 
project to the Entire ^roup. 

In the lecture portion of the workshop, 
the participants were divided into ele* 
mentftry and secondary educators. The top* 
ics of the lectures for each group follow: 

Day 1 - How Computers Work 

Day 2 - Techniques and Approaches in 

the Classroom 
Day 3 - Elementary - More techniques 

and approaches 

Secondary - Survey of Resources 
Day 4 - Elementary - Survey of Re- 
sources 

Secondary ^ Problem Solving 

Principals 
Day S - Computer Literacy 
Day 6 - Design Considerations for 

Instructional Hardware 
Day 7 - Experience with Instructional 

Software 

Day 8 - Survey of Computer Equipment 
Day ^ - Elementary -* More experience 
with instructional software 
Secondary - How to Teach 
Computing 
Day 10 " Presentation of Projectu 



Both laboratories and the lecture were 
held in the morning. The room containing 
the computers was also left open in the 
afternoons so the participants could re- 
turn and work On their projects. Although 
this afternoon work was not required* many 
teachers did take advantage of this oppor- 
tunity. In addition, several had TBS-80 
systems at home or at their schools which 
they used in the afternoons or evenings. 

BESULTS 

Twenty educators from three local 
school districts attended the workshop. 
Of these, twelve were secondary teachers, 
four were elementary teachers, and four 
were administrators. All four administra- 
tors atteided the first week only. Also, 
some of the teachers who had previous 
computer experience took the second week 
only. 

A brief description of the projects 
developed by the teachers is found in the 
Appendix. Both the instructors and the 
participants were amazed at what haa been 
accomplished in a two-week period. An 
enthusiasm for computer use was generated 
by the workshop so that participants went 
back to their schools and pushed for the 
purchase of a computer for their classroom* 

A further indication of the success of 
the workshop is the demand for it to be 
repeated this summer. This demand is com- 
i*^ from teachers who saw the effect the 
workshop had on last year's participants. 
As a result, the same workshop will be 
offered twice this summer as well as once 
during the academic year. Hope College has 
now established its own microcomputer lab- 
oratory^ so the computers will not be bor- 
rowed systems. 

The Only modification to the workshop 
.which we'p7.an is not to allow participants 
to register for just one week. Those who 
took only the first week missed the im- 
portant experience of putting together 
their own software. It was also difficult 
to adjust the workshop to those who came 
in during the second week. As a result, 
the workshop will not serve the needs of ^ 
those teachers with some previous computer 
experience. 

Interest has been expressed in a work- 
shop specifically for teachers who are 
already using computers. We are consider- 
ing offerifig such a workshop, which would 
cover advanced programming and software 
design techniques. In this workshop we 
would invite each teacher to bring along a 
student so that they could participate as 
a teacher-student team. From our observa- 
tions, much of the software developed is 
actually done by such teacher-student 
teams with the teacher doing the design 
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and the student the programming. 
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APPENDIX. PROJECTS COHPLET&D BY PARTZCI- 
^ PANTS in TBE COMPUTER WOItKSHOP 

Physics experiiaent simulation - A falling 
body experiment is sintulated by the com- 
puter, the student is asked to provide 
the apE^priate formulas to calculate 
expected results. 

Geometry drill - A drill and practice 
exercise is conducted using geometric 
terminology. 

Spanish drill - A drill and practice on 
Spanish grammar and vocabulary is con- 
ducted entirely in the Spanish language. 

Orderin? - This program is intended for 
use at the elementary level* The student 
takes a list of items and places them in 
a described order. Three implemented 
orderings are alphabeticalt fractions, and 
decimals. 

Parts of Speech - the student is given a 
vord list and after picking a word from 
this listf leads the computer to identi'^ 
fying the word by answering the computer's 
questions about its part of speech, 

tfOrd house " This program is intended for 
students learning English as a second 
language. The student is required to place 
each of a list of words into its proper 
category and word house. 

Presidential drill - *rhis program drills 
students on presidents and their terms of 
office . 

Golf statistics - This data collection and 
analysis program simplifies the paper work 
Of the golf coach. 

Career counseling aid " A student inter- 
eated in a career in aocounting can sit 
down with this program and find out what 



options exist in this field and the edu- 
cation necessary for pursuing each option. ^ 

Test generator - This test generation 
program simplifies the high school math 
teacher* s job of creating examinations by 
randomly choosing problems which have 
parameters that may also be randomly se- 
lected. 

Carrying drill - This program drills the 
student on carrying skills in multiplica- 
tion by presenting randomly generated pro- 
blems. If the student responds incorrect- 
ly the program carries out the multipli- 
cationt carefully specifying each carry 
value along the way. 

Mortgage payoff - The student can use 
this program to examine the effects of 
varying the parameters on mortgage pay** 
offs. 
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MXCROCOHPUTERS 

AND COMPUTER LITERAClT: 

A QVSE STUDY 

Robeit J* Ellison 
Hamilton College 
Clinton, m 13323 
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X wilJ discuss the role of the micro* 
computer in computer education at Hamilton 
College. The fOctts will be on the kirds 
of applications X have found useful and on 
the methodology that was used to develop 
the systems on the microcomputer. My ini- 
tial interest in the microcomputer has 
been its use /as an aid to teach computer 
literacy* Xufill discuss the develqpment 
of an interacrkive statistical package that 
is the^core of a three week introduction 
to computing ^nd programming. The package 
permits elementary programming and file 
management to be introduced v/ithout an e;^ 
tensive introduction to prograicmdng. 

While the microcomputer can be an ex* 
cellent instructional aid, it qtjite often 
is inconvenient for program development* 
Mdst of our applications could not be de- 
veloped on a larger machine, however, 
since we are very dependent on programming 
the screen and the graphics displays* X 
will discuss our experience with the UCSD 
PASCAL(TM) system which is now available 
on a number of different computers* Xt 
has significantly aided the design and 
management of the project. The system^s 
extensive use of prompt lines makes it easy 
for the novice student to use. 

Xt was my goal to develop systems 
which could be easily modified and expanded* 
The microcomputer is not large enough to 
support a universal packag&f furthermore, 
the more complete systems usually also 
bring with them a more complicated control 
structure. Since our goal is to introduce 
computing to an audience with little if any 
computer experience, we wanted a simple and 
often specialized user interface. But Lt 
we are not going to offer a f&irly com- 
plete package for the micro, then we 
should design a system which can be 
easily modiHed. The statistical package 
X will discuss was written using a library 
of procedures i^hich can be integrated into 
a custom system. The package has been su[^ 



plemented by both the mathematics and biol- 
ogy departments for their own special ap- 
plications. Some of the materials will 
also appear in the development of a file 
maintenance system in the advanced comptter 
science course on data structures. The 
limited professional support for academic 
programming in a small college practically 
forces us to write general purpose softwear. 

THE ENVXROHHEHT 

Hamilton College is a liberal arts in* 
stitution with an enrollment of 1600 stu- 
dents and a faculty of about 135. Over 600 
students a year will take courses which 
use the computer* The computer science of^ 
ferin^s consist of a two-^course program- 
ming sequence (6) and two advanced courses 
which emphasize file structures and topics 
in data base organization. The first pro- 
gramming course is taken by about one third 
of the students before they graduate. The 
academic computing is done using a remote 
batch entry to the XBM 370/168 at Cornell 
University. We will shortly be able to use 
the interactive system at Cornell also. 
The advanced computer offerings are taught 
using PASCAL and microcomputers. 

r am exploring the possibility of ap- 
plioations which do not require the full 
capability of the IBM/370 or which can 
take advantage of the simpler operating 
environment of the microcomputer. While 
the Cornell system supports a quite adequate 
number of statistical packages and progiamr 
ming languages, for the novice tt^e system 
is still too complex to be easily used. A 
number of applications involving elemen- 
tary program instruction or simple statis- 
tical analysis might be better served on a 
smaller Toachine or one specially configured 
for the use. 

Learning the control language fOr the 
use of a computer systan is a special prob- 
lem for those non-computin9 courses that 
want to explore the use of the' computer as 
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a tool* The focus is too often on the de- 
tails of the system rather than the prob- 
lent to be solved. A veil designed micro- 
computer system might be of service here 
also. 

ffe have selected the TERAK microcom-* 
puter as our primary unit. The CPU is a 
Digital Equipment LSI-II. The TERAK was 
chosen for its graphics capability, a 320 
by 240 raster image, and the wide range of 
software available. Operating systems for 
the TERAK include DEC'S RT-II, the UCSD 
PASCALfTM) operating system, which we use 
most oftenf and thd Cornell Program Syitt^^ 
sizer (13), which I will discuss below. 
The TERAK can also be used as a terminal 
to Cornell, and with the use of a communi- 
cations package text files can be trans-* 
f erred between the two computers. Programs 
exist to convert files between the RT-II 
and the UCSD disk formats. I have developed 
software to transfer the graphics and 
character buffers to a Printronix which 
has a plot capability. 

GOALS 4 

Our most immediate need was for a^ sys- 
tem to support a new offering for computer 
literacy in our winter term. Hamilton fol- 
lows a 4-1-^4 calendar. It was my intent to 
offer a short course which could helpmeet 
the demand for computer literacy, since 
our first programiming course is ^designed 
for a general audience, I did not feel the 
need to teach prograicming. On the other 
hand it seemed important to introduce stu* 
dents to the use of the computer to store 
informatxoti and hence to the concept of a 
file. 

I felt it was quite important to in* 
volve the student more than as a passive 
observer of the computer, our greatest ptob- 
lem was finding programs and applications 
which involved the student with more than 
selecting an option from a menu. I am par- 
ticularly interested in examples which in- 
volved the maintenance Of files on the com- 
puter. An immediate application was the use 
of a text editor and text formatter. The 
tJCSD screen editor is very easy to use. I 
had also written the formatter (9) in PASCAL^ 
I added user-defined macros with the out- 
put directed to the printer, disk file, or 
screen. While the text editor could be used 
to discuss files and updating of informa- 
tionf I wanted a more ccxnplex example. 

The use of a statistical package 
seemed a possibility. The choice was in 
part motivated by use of the SAS system 
(12) which makes extensive use of bothper^ 
manent and temporary files. A SAS run con- 
sists of a number of procedures to list, 
sort, and modify the file. Most procedures 
create a file to pass data to the next 



step of the process. SAS also supports 
limited programming in PL/I. Inmost cases 
the program code is applied to each record 
Of the file. It seemed that a paokagesuch 
as SAS could serve to introduce the con-* 
cept Of a file, program variables, and 
elementary programming. Using files as the 
primary way to pass data is ideally suited 
for a microcomputer with limited memory. 

The use of SAS presented some prob-* 
lems for our short course. Our ccxnputing 
On the Comellvsystem is primarily done 
by remote batch entry. Although I preferred 
to use an interactive system for this 
course, the IBM control language for the 
interactive system vas too complex for 
our audience. It also seemed difficult to 
introduce in such a short time the syntax 
and semantics of even an elementary part 
of PL/I. 

My solution to the above problem was 
motivated by the availability of a program-* 
ming system for the LSI-II (13) called the 
Cornell Program Synthesizer. The system 
includes an editor for the language PL/CS 
(5), which gives a template for each major 
construction. For example, a single key- 
board command generates the template 

If (condition) then 
{ statement} . 

Statements are checked as entered. The 
system is designed for teaching program- 
ming and includes elaborate editing and 
tracing commands. I wanted to include some 
of these features to assist in entering 
elementary programs for the statistical 
system. 

THE STATISTICAL PACKAGE 

The system supports real, integer, 
and character variables. The core of the 
system is an elementary file management 
system that includes modules to open and 
close £ile, get or put the next record, 
and retrieve or store individual variables 
in a record. Each statistical file consists 
of a data file and a directory file that 
lists the variable names and types. The 
file management system is stored in the 
system library and can be called from any 
PASCAL program. The syst^ is designed for 
instructional use, not to support large- 
scale statistical analysis. It can serve 
as a tutorial for the use of a more com- 
plete, flexible^ and faster system such as 
SAS. The system consists of the following 
general programs. 

Create: 

^he record and directory files are 
created from the text files made by the 
editor. 
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List; 

The directory and the data are listed 
On either the screen or the printer* Vari* 
able headings are automatically printed* 
A single record may take several lines, 

sort ; 

The file may be ordered by any of the 
variables in ascending or descending order* 
Multiple sort keys can be specified* Itmay 
also be used as a procedure in other pro- 
grams* 

Modify) 

This module supports an elementary 
progranuning language to permit modification 
of the file* The statements are prompted 
and errors are noted on entry. The program 
is saved on the disk for documentation* 
Currently, an individual statement can be 
edited as it is entered but cannot be 
changed after it is accepted* I will not 
include ela)borate editing, since most of 
the programs are rather short and are easily 
entered again. 

The statements supported and the tem- 
plate provided includes 

Assignments 

(variable name) » {expression}i 

New variables are declared singly -by 
entering the name* The variable type is 
automatically set by the type of expression* 

Conditionals! 

If (condition) then dot 
(statements) 
end; 

Selecti 

when (condition) doi 
(statements) 
end I 

when (condition) doi 
(statements) 
end; 



otherwise do; 

(statements) 

end; 
end; 

The SBLEOT statement has been recently 
added to the IBM version of PL/1* Only the 
Statements associated with ^:he first true 
condition will be executed. The OTHERWISE 
bXodc may be empty* The SELECT was used 
instead of an IF**ELSE construction as the 
former seemed to be luss confusing* I 
chose not to implemem; the GO TO statement. 



It not only complicated the design of the 
interpreter for the language but also 
created the possibility of infinite loops* 

Input /output 

Output (file name) I 

The current record is written to the 
selected file* When the file is opened 
the user has the option of specifying 
which variables will be written* The 
record has all the variables in the input 
file as well as any new variables intro- 
duced by the program* Currently two output 
files are permitted* The program prompts 
for an output file if none is specified* 

If an expression or variable is not 
correctly entered/ a list of the variables 
and their types can be requested before 
the correction is made* The program is 
automatically indented to reflect the 
nesting of conditionals* 

The following is a sample program* 
The variables QUI21, QUI22, FINAL, and 
MIDTERM are on the input file* The vari- 
able TOTAL is created by this program* 
The lower case entries were supplied by 
the program* 

TOTAL 0 ; 

if N0T(QUI21 MISSING) then do; 
TOTAL - TOTAL + QUI21 ; 
end; 

if N0T(QUI22 MISSING) ^nen dOi 
TOTAL ■ TOTAL + QUI22 ; 
end; 

TOTAL = TOTAL + FINAL + MIDTERM t 
output DEMO ; 

The system was used for the first 
time this winter* Our program editing was 
not as elaborate as apparently was needed^ 
but the overall student response was quite 
positive* TO the student, the basic pro- 
gram Unit is the file which for a general 
course on computer literacy was appropri- 
ate» The limited programming also helps 
explain how a computer works* He currently 
plan to use the same system with our first 
programming course to introduce files and 
interactive computer systems* A variant of 
the system will be used in the first year 
biology sequence* 

The system is easily expanded* New 
programs are written in PASCAL with the 
PASCAL input/output functions replaced by 
those in the new file management system* 
It is particularly easy to have a student 
develop an independent PASCAL program for 
a specific file and then replace the input/ 
output functions to generate a general 
purpose program^ The system, especially 
the file management section, has been an 
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excellent source of examples for the advanced 
computer science students. 

DEVELOPMENT 

I would like to discuss the way we 
have managed the develoF^nt of this sys* 
tern and the use of UCSD implementation of 
PASCAL. A small college often does not have 
the p ogramming support avsiilable ^ox the 
development of large systems. The proXif*- 
eration of 3^ niimber of specialized pack-* 
ages would only compound the maintenance 
of these programs. While the initial effort 
is greater^ 1 have tried todevelop generals- 
purpose programs which can serve in other 
applications^ for exaj!iple^ the file man-* 
agement system which 4$upports both the 
statistical package and general file main*- 
tenance programs for an advanced computer 
science course on file structures. The 
graphics library, which I have not discussed, 
is used by mathematicet biology, and physics* 

It is clearly desirable to reus^ sof tr^ 
ware, but keeping each of the various sub- 
systems supplied with the latest revisions 
can b^ difficult to manage on a small sys* 
tern. I'^ogramming in PASCAL and the UCSD 
implementation of it have both assisted in 
this task. A vital feature of PASCAL is 
the ability to define new data types. 
PASCAL includes the simple variable types 
integer, realf and character. But for the 
kinds of systems programming involved in 
this project, we needed more elaborate 
structures. For example, we had to main- 
tain a directory for each file which main- 
tains the V'ttriables and their type. The 
definition of such a directory had to be 
consistent throughout the system. In PASCAL 
we could define a directory in several 
steps. 

Const ^compile time constant} 
Hamelength » 10: 

Type 

Namestr « packed arrayfl. .Namelength] 

of char; {string} 
Varde script « record 

{ describes file variable } 

Name : names trf 

Position t integer; 

Typeofvar: (realtype,integertype, 
chartype) t 

Length: integer { length in bytes) 

Max : realf 

Min t realf 

end 

We can then declare the type directory as 

directory « array(I. .maxvars] 
of vardescriptr 
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A procedure GEtdIK whose purpose is to 
read the directory could be declared with 
the following heading: 

Procedure GETDIR( VAR D: DiraCTORY) ? 

If it is necessary to add more informa*- 
tion to our description, such as the iium-* 
ber of missing values, then we only need 
add a line such as 

missing : integer; 

to the original definition. That change 
is then reflected in all procedures which 
use that data type. 

The UCSD system has included some 
non-'Standard features. X have tried to 
avoid the use of t^em when possible, but 
their definition of a unit has been quite 
valuzible. A unit is a separately compiled 
library of subprocedures. It can also ^n*- 
clude type definitions. X keep the system 
type definitions in the Xibrary. Those 
type? are then copied into each program 
which uses that unit. Changes in the com^ 
mon definitions are then reflected in all 
programs which use that module. It has 
been an excellent tool to maintain consis" 
tency in student written programs. 

The procedures and definitions can 
be "included in the program by the simple 
command 

uses {unit name}; 

The statistical system has a unit devoted 
to file managenenh, another to parsing and 
evaluating expressions, and a third unit 
to provide run*-time support. In addition 
we have other units with graphics proce-* 
dures or random number generators. The use 
of units does not affect portability cf 
t\e system. The source code of the proce- 
dures could be inserted instead of the 
uses statement. 

SUMHAKY 

He are continually surprised by the 
ease with t^hich major changes can be made 
to the system whose length now exceeds 
5000 lines. The use of PASCAL and the UCSD 
unit has played a major role. Xt has been 
very easy to develop the system incremen- 
tally and to quickly train students to 
assist in the piirogramming. PASCAL .is well 
suited to the kind of systems programming 
involved in this project. 

He have been pleased with the student 
reaction to the statistical system. The 
combinatio;i of that system along with the 
PL/CS prograinming system has provided a 
quick introduction to programming and the 
use of files for our course on computers 
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and society* }ie are planning to develop 
tutorial materials so the system can be 
used by other' courses* Further evaluation 
o£ the system will have to vrait until It 
has been usod by other disciplines* He 
have been successful in having other £ac-* 
ulty use the modules to develop their own 
specialized software* He are now evaluating 
what additional modules should be placed 
in common units* 
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ABSTRACT 

Under grants from the IEEE Computer 
Society^ The Johns Hopkins Universaty, 
Radio Shackt and other agencies, the 
International Instructional TV Cooperative, 
source of instructional TV materials to 
{111 educational TV networks nation-vide 
and internationally, has finished and is 
marketing the implementation of a six*- 
course national educational TV series 
aimed at the pre-college level in the 
area ^f personal computing and computer 
literacy* The name of the project is 
"Personal Computing; An Adventure of the 
Mind*" 

The objectives of this new series are 
to illustrate the uses of pers'^/ial 
confuting f to deKionstrate the interface 
of humans and machines^ to identify the 
fundamentals of communication in personal 
computdng, and to motivate students to be 
innovative in their own applications of 
personal computing. Since the r-ersonal 
computer is viewed by many as a mind 
multiplier, a further objective of this 
educational TV ser^as is to greatly in- 
crease the nuiuber of minds that can be 
multiplied by taking personal computing 
to millions of children in classrooms 
across the country* 

Education and informational programs 
are closely allied in that both attempt 
to Communicate facts. Concepts* and 
ideas* Both need to be designed with 
specific objectives in mind. Some of the 
objectives to be discussed /e both 
attitudinal and informational in nature; 
that is, they deal with feelings as well 
as facts* The underlyir.g thrust through- 
out is that * . * LEARNING CM BE FUK! 
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ABSTRACT 

During the past ten years considerable 
effort has been devoted to optimizing the 
role of computers in education. A vari- 
ety of tutorial CAI programs have been 
written, large data bases of questions 
for computer-generated exams have been 
amassed, sophisticated software for 
graphics has been developed, numerous 
data reduction and simi^dtion programs 
have been written, and the uoe of on*line 
classroom computing has been studied. 
In addition, the emergence of minicom- 
puters and microprocessors has lowered 
the cost of computing* Nevertheless^ 
the overall impact of '^the computer on 
education has been minimal. One of the 
major deterrents has been the poor trans-* 
portability of programs from one computer 
to anotfier. As a results educators are 
often required to develop their own 
software for use in courses^ however^ 
man^ instructors have neither the time 
nor the experti-ve to do so. Vtill the 
new standralone home computer systems 
improve this situation? Possibly, but 



for most educational uses^ the need for 
progranflning time and exper will still 
be high. Furthermore, the several gener- 
ations of changes in hardware have not 
yet led to ^significant improvements in 
computer-based pei^agogy. Educators 
simply miust 'give more con £.i deration to 
the question of how the comp^iter can 
reshape the way ami style ir hich we 
teach* To date^ most instructional com* 
puting has simply been appended to the 
traditional pedagogical framewck, thus 
encouraging the self-fulfilling prophecy 
that the final impact will be minimal* 
The future? By 1990 (or 2000 at the 
latest) f there should be a number of new 
and outstanding examples of true nomputeiv 
based /-derived/ -oriented projects in 
education, rather than a mere continua-- 
tion of the current comput er- augmented , 
yet traditional approach. 
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ABSTRACT 

in 1982 Britain*s Open University will 
replace tae two second^Ievel coinputing 
courses which it has been running since 
1973 » There will be only one new course 
since we ha^ s come tc realize that running 
two second^level courses is unnecessary 
and extravagant » The new course is ex* 
pected to maintain the current enrollment 
oi „ 700 students per year» 

Production of the new course i^ well 
underway, ard in this paper its content 
and presentation will be compared with 
those of its predecessors » Tite new 
course Vi^s designed after careful consid* 
ation of the views of both students and 
faculty menibers from which einerged the 
one urgent and clear demand that the 
course should relate closely to the 
commercial world of data processing. 

The main themes of. the course are 
practical computing, data structures, 
files and file processi^ig, systems 
analysis, and design, and the social 
impact of computing » Introductions to 
operating systems, data bases, and 
distributed ccniputing are also inclui^ed^ 
The course components comprise written 
materials* computer programming 
activities, 16 television programs, taree 
teaching audio-cassettes, and six 
broadcast radio programs » 



The present paper will concentrate on: 

(1) Why the DP bias was considered 
essential and how it shows up in the 
course * 

(2) The content and presentation of 
the first four main themes listed above* 
In this connection the systems analysis 
and desitjn package bears special mention, 
as it is being developed in collaboration 
with the D K.^s National Coinputing Centre 
and will involve the student in a practical 
proiect. 

(3) The specification and future imple- 
mentation cf ouSBftSIC, a computing language 
designed to enable the student to write 
and run stiructured programs in the unique*^ 
and awkward-^distance teaching environment 
of The Open University. 

The paper will be illustrated with two 
excerpts, of ten to fifter^ minutes duratic 
each, from films of tf«o of the television 
programs—The Introduction to Piles and 
^ile ^ocessing and Systems Analysis and 
Design* 
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INTRO DUCTIOH 

Judging from the availability of CON- 
DUIT programs on ecological topics (5 of 
8 In biology in the Summer 19*^9 Issue of 
Pipeline ) , there may well be more com- 
puter use In courses related to ecology 
than In courses In other areas of biolo- 
gy. For Instance, valuable CONDUIT pro- 
grams exist that aid students In learning 
about population growth using the logis- 
tic eciuatlon and related models. Inter- 
specflc competition using the Lotka- 
Volterra equations, and energy flow 
through the trophic levels of various 
ecosystems. Additional areas In ecology 
are appropriate for computer-enhanced 
learning. In particular, the use of the 
computer to aid students In under- 
standing life tables Is described here. 
Such work not only helps students under- 
stand these complex tables, but also per- 
mits them to quickly and easily get a 
grasp of the consequences. In terms of 
both population growth rates and age dis- 
tributions, of alternative reproductive 
strategies. 

SIGHIPICAUCE OP LIFE TABLES 
In many ways, a survivorship and fertili- 
ty life table represents the ultimate 
synthesis of data on the life history 
characteristics of a given population vjr 
species of organisms. Both age specific 



death rates (ly)and age specific birth 
rates (mj^) must be known and transcribed 
into appropriate format* For survivorship 
data, this means knoi^lng the proportion 
of Individuals surviving at the start of 
each age Interval; and for fertility 
data, this means recording the number of 
female offspring per female In each age 
Inter /al. From these data, numerous 
descriptive functions can be readily 
calculated by formulae of varying degrees 
of complexlt'' (see Mertz, 197O or Krebs, 
1978 for a fuller description of these 
quantities). These i"unctlons or quanti- 
ties include the following, 

(1) The gross reproductive rate, G.R.R., 
Is a hypothetical quantity that Indi- 
cates the multiplication rate per genera- 
tion If fenales suffered no .mortality 
prior to completing reproduction at the 
rates specified in the fertility tables* 



G.R.R. 



XaO 



(2) The net reproductive rate, R^, Is the 
actual multiplication rate per genera- 
tion If the population follows both the 
mortality and fertility schedules In the 
life table. 
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^0 ■ S 

(3) The mean length of a generation, Q, 
Is given by: 

21 Ij^x^ 

Q ■ - 

Ho 

(4) 'The Innate capacity for increase In 
the particular environmental conditions 
for which the table was written, i^. Is 
a factor that gives Instantaneous growth 
rated. The calculation of r^ must be 
done by trial and error In the formula: 

4U e ^3^hc ** ^* 
X ■ 0 

(5) The finite rate of Increase, X,v Is 
the factor by which population size 
changes por age interval In the life 
table, e.g., per year if the life table 
la In years. 

\ % 
A ■ e 

(6) The stable age distribution Is the 
proportion of organisms that would be In 
each age category If the population con- 
tinued to grow Indefinitely according tfi 
the achedules in the life table. The pro- 
portion of organisms m each age category 
X to x+1 Is given by 

C ■ m T^= 

i»o ^ 

where 1, like x. Is a subscript Indicat- 
ing age. 

Whllt* the data that are used to generate 
a life table in the first place are quite 
intuitively understandable, e.g., the 
number of female offspring produced by an 
average six year old female, the derived 
terms, especially r^^, are much less easi- 
ly grasped. Because a thorough conception 
of r^ Is desirable in conorete terms 
(sucn as nujEiber? of offspring and num- 
bers of seasons of reproductlOA) before a 
student starts working with loiflstlc 
growth models, a thorough raralilarlty 
with all the various life tafcie parameters 
is highly Important. 

RilTIONALE ?( 'OMPUTEH USE 
The reasons using the eoroputer In life 

table analysi ^an be divided into argu*- 

SMnts against hwJid caloulatlon and arf^u- 



ments for the conqf>utor. Considering- first 
the argumaits against hand calculation, 
there Is the unfortunate, but nonetheless 
real truth that many undergraduate stu- 
dents are terrified by the sorts of sum- 
mation signs and exponents Intrinsic to 
several of the demographic formulae. At 
best, such students may laboriously plug 
throu^ their calculations and then 
finish with absolutely no confidence In 
the accuracy of their results. At worst, 
^om& of these students may not even be 
able to perform the calculations. cleaT' 
ly, neither of these sltu^^'lons Is con- 
ducive to students' learning about 
ecology. On the other hand, for under- 
graduates capable of manually performing 
the calculations required, such an exer* 
clae rapidly becomes a nuinbl*igi;' mechani- 
cal process that, too. Is not conducive 
to thelx^ learning about ecology* 

As for the arguments for use of t^he com- 
puter, three points, oan be made* First, 
for students ever more used to punching 
numbers into either calculators or com- 
puters, one additional application of 
the computer generates very little 
anxiety. Math phobias can stay submerged. 
Second, the fast and accurate results 
provided by the oomputer maintain both 
the Interest and confidence ot the stu- 
dent. Moreover, If the student wishes to 
test himself and his ability to manually 
arrive at the same answers, the computer 
output does provide suth a check* Final** 
ly, because the tedious parts of the 
exerelse are done by a tireless computer, 
the student Is free to concentrate on 
Interpreting the biological significance 
of his findings. This Is precisely the 
cOiL*^centratlon that most ecology profes- 
sors presumably desire, and I have found 
^ > useful In the present instance. 

DESCRIP^PICN AND APPLICATIONS OP LIFET 
With the above points In mind and two 
years' experience teaching about life 
cables without the aid of a computer, I 
wrote a short pi'ogram, LIFET, In BASIC 
for our PDP 11/70 at Ohio Wesleyan Uni- 
versity. LIFET would be suitable for use 
on other similar RSTS/E tlme*sharlng 
systems or on minicomputers, and a pro- 
graoi listing la avail^le on T^quest. In 
brief, the program asks the student to 
enter the age specific survivorship and 
fertility data for the population In 
question and then proceeds with calcula- 
tlona of the first three of the six 
quantities defined above . The innate 
'edacity for increase Is calculated by 
trial and error with active participation 
by the student In the trials. When th^ 
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Student .is satisfied with ths value of 
rjm that he has attained, the program 
uses that value to *«alculate th(± finAte 
rate of increase. Finally, the student 
is ^ven the option of obtaining a 
stable age distribution or not. A sample 
program run is given in Figure I. 



There are at least three sorts of appli- 
cation of this profram. First, and most 
simply, is tTierely giving the students 
some real data from a natural population 
(e.g., from Vinegar, 1975 or Medica and 
Turner, 1976). The students can organise 
the data Into life table format for 



RUN LIPET 

DO YOU WANT AH EXPLANATION OF THIS PROGRAM fYES OR NO)? YES 



THIS PROGRAM CALCULATES LIFE TABLES AND DEMOaRAPHIC PARAMETERS. THE ONLY 
I«FORJ4ATI0H NEEDED TO MAKE THESE CALCUUTIONS IS THE AGE-SPECIFIC SCHEDULE OF 
DEATHS AND BiRTKS WHICH YOU SUPPLY AS ifx) and mfx) VALUES WHERE: 

iCx) * PROPORTION OF POPULATION ALIVE AT THE START OF AQE XHTERVAL Xi AND 
mCx) « AVERAaE NUMBER OP BIRTHS TO EACH FEMALE ALIVE AT AQE X 

TO RUN THIS PROaRAM, MERELY ENTER THE MAXIMUM AGE TO WHICH FEMALES SURVIVE 
(RECALL THAT LIFE TABLES ARE FOR FEMALES ONLY) AND THEN FOR EACH AGE CATEGORY 
ENTER THE Ifx) and mfx) VALUES SEPARATED BY A COMMA. THESE DATA CONSTITUTE 
ALL THE INPUT NECESSARY TO MAKE DEMOGRAPHIC CALCULATIOtfS USING THE FORMULAE IN 
KREBS fl97e, 160-170). SEE THIS REFEREIICE FOR DEFINITIONS AND EQUATIONS. 
ONLY THE .EXACT r CANNOT BE CALCULATED WITHOUT ADDITIONAL INPUT ON YOUR PART. 
THIS IS BECAUSE THE EQUATION MUST BE SOLVED BY TRIAL AND ERROR, i.e., BY 
SUBSTITUTIHO ONE VALUE FOR r IN THE EQUATION 

SUM e Ifx) mfx) - I 
AND THEN SEEINO HOW CLOSE THE SUM COMES TO ACTUALLY BEING EQUAL TO I. 
FOR YOUR FIRST TRIAL, USE THE VALUE FOR r APPROXIMATED BY Rc AND 0. IF ALL 
REPRODUCTION TOOK PLACE IN THE SAME YEAR, THIS WILL ALSO BE THE EXACT r. IF 
THE SUM YOXJ QET IS QREATER THAN I, INCREASE YOUR ESTIMATE OF r. IF THE SUM IS 
LESS THAN I, DECREASE YOUR ESTIMATE OF r. INITIAIIrY MAKE FAIRLY LARQE CHANGES 
IN r AND ONLY LATER MAKE MORE SUBTLE CHANGES AS YOU ADJUST THE SUM TO 
I +A0.005. ONCE YOU ARE SATISFIED WITH YOUR VALUE FOR r, STOP ADJUSTING IT 
AND THE PROORAM WILL CONTINUE TO MAKE OTHER CALCUUTIONS USING THIS FINAL 
VALUE OF r ON WHICH YOU HAVE DECIDED. 

WHAT IS THE LAST AOE AT WHICH SOME FEMALES ARE ALIVE? 3 
FOR X » 0 WHAT ARE THE OBSERVED VALUES FOR 
l(i),mfx)? 1.0,0 

FOR X « I WHAT ARE THE OBSERVED VALUES FOR 
lCx),inU)? .9,2 

FOR X « 2 WHAT ARE THE OBSERVED VALUES FOR 
lfx),iaf3c)? .7,1 

FOR X « 3 WHAT ARE THE OBSERVED VALUES FOR 
lfx),mfx)? .5,1 

THE OROSS REPRODUCTIVE RATE, G.R.R. « k 

THE NET REPRODUCTIVE RATE, Ro» 3 

THE GENERATION TIME, 0= 1.56667 

AS APPROXIMATED BY Ro and G, r«. 7012^*2 

THE PROGRAM WILL NOW CALCULATE AN EXACT r by TRIAL AND ERROR. 

WHAT IS THE VALUE FOR r THAT YOU WISH TO TRY? .7 

SOLVING THE EQUATION WITH r- .7 GIVES AK ANSWER OF 1.1277 

DO YOU WISH TO TRY AGAIN WITH ANOTHER VALUE FOR rfYES OR NO)? YES 

WHAT IS THE VALUE FOR r THAT YOU WISH TO TRY? . 8 

SOLVING THE EQUATION WITH r« 8 GIVE:; AH ANSWER OF .995^79 

DO YOU WISH TO TRY AGAIN WITH ANOTHER VALUE FOR r(YES OR NO)? YES 

WHAT IS THE VALUE FOR r THAT YOU WISH TO TRY? .79 

SOLVING THE EQUATION WITH r=* ,79 GIVES AN ANSWER OF l.0O78^» 



Figure I. Sample output troJH LIFET 
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Figure 1 continued 
DO YOU WISH TO TRY AGAIH WITH ANOTHER VAUJE FOR r(YES OR NO)? YES 
WHAT IS THE VALUE FOR r THAT YOU WISH TO TRY? .795 
SOLVING THE EQUATION WITH r= 795 GIVES AN ANSWER OP 1.0016** 
DO YOU WISH TO TRY .GAIN WITH ANOTHER VALUE FOR r(YES OR NO)? HO 

THE FIHITE RATE OP INCREASE, LAMBDA- Z.ZlHkk 

THE EXACT INSTANTANEOUS RATE OF INCREASE FOR THE POPULATION, r« *795 

DO YOU WISH TO CALCULATE THE STABLE AGE DISTRIBUTIOH FOU THIS POPULATION? YES 

GIVEN A STABLE AGE DISTRIBUTION, TIE PROPORTION OP ORGANISMS 

Irl EAOI AGE CATEGORY, C(X), WOULD BE: 

C( 0 ) = *626875 

C( 1 ) = .25*1776 

C( 2 ) * *C39»l85 

C( 3 ) - *2886lllE-l 



X 


l(x) 


ra(x) 


l(x)m(x) 


0 


1 


0 


0 


1 


*9 


2 


1.8 


2 


.7 


1 


*7 


3 


.5 


1 


.5 


- 1*56667 


GRR= H 


Ro» 3 



r= .795 lajabda= 2.21*1*1*1 

DO YOU WANT TO CALCULATE ANOTHER LIFE TABLE (YES OR NO)? HO 



themselves If desired, or the data can 
be presented as a table from the start. 
Either vay, thf^ students have the ex- 
citement of finding out for themselves 
whether various populations In nature 
are growing or shrinking and at what 
rates. If population growth Is occur- 
ring and data are also available on num- 
bers of Individuals allv<% In each age 
class, the students can also Investigate 
whether or not such population growth 
has been going on at the given rates for 
a number of years. If It has, the ob- 
served proportions of Individuals In 
each of the age classes should he the 
same as the proportions given by the 
LIFET calculations of the stable age 
distribution* Students seem tn enjoy 
checking this assumption of l:,fe table 
methodology . 

A second application is the use of data 
not Just from one population of a 
species, but from multiple populations 
of a single species. The wcrk by Tinkle 
and Balllnger (1972) on Intraspeclf Ic 
comparative demography of a llsard Is 
especially appropriate* By analysing the 
a^re specific death rates and fertility 
rafies using LIFET, students can enha)ice 
thfelr understanding of the population 
consequences for real atJ^mals of vari- 
ations Xn life history strategies. These 
partlculii" data. In fact. Indicate that 
some of the natural populations are Just 



holding their own and others are decreas- 
ing In size. With analyses completed, 
students can either write about or dis- 
cuss hypothetical alterations In repro* 
ductlve strategy that could Improve the 
lot of the mar^nally surviving popular 
tlons. 

A third and final example of an appllca* 
tlon for this program Is to give students 
free reign to devise an optimal repro- 
ductive strategj^^ in each of several 
habitats foi a totally :*ypo the*' leal 
organism. A few guidelines need to be 
laid down at the outset, and then stu- 
dents can be set free to ude their 
creativity. For example, one needs to 
specify how many kllocalorles total a 
female has to produce eggs In her life- 
time, the range in sls^es (caloric con- 
tents) of eggs to be permitted, and the 
harshness of the various habitat; In 
terms of probabilities of the survival 
of offsprlnii to age 1 from each possible 
egg 8ls;e In each habitat. Survivorship 
thereafter can either be specified or 
left to the students* own devices. The 
generation of an optimal strategy, or 
even possible strategies, for each en- 
vironment then requires that students 
generate a number of life tables* Suc- 
cessful completion of such an exercise, 
m my experience, results In an excel^ 
lent appre^ilatlon of the merltd and 
drawbacks of Iteroparlty and semelpavlty 
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in various situations. 

SUMMARY AHD COHCLUSIOHS 
For the past two years » I have used an 
Interactive computer program, LIFET, as 
a means of enhancing my Instruction of 
demographic techniques In an under- 
graduate course on animal ecology. I 
have found that I have been able to 
cover more examples and nuances of life 
history studies since I Initiated the 
program than^ l^was able to before. By 
obviating the tlme-consuraing busy work 
of life table calculations, I can 
realistically expect my students to ac- 
complish far more sophisticated and ex- 
tended problems than were possible 
before I wrote LIFET. In my opinion, 
students who have had the benefit of 
using this program have gained a Tar 
greater understanding of life tables 
and demography than did my earlier stu- 
dents. Certainly, they have had more 
opportunities to do so In a challenging 
way. What*s more, they enjoy It* This 
last point, m and of Itself, can be a 
strong recofwnendation. 
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HICROCOHPUTERS AS LABORATORY INSTRUMENTS: 
TWO APPLICATIONS IN NEUROmOLOOY. 

Richard F. Olivo 
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Northampton^ Massachusetts 01063 



Th» low cost of fnicrocomputer 5 has 
brought th»A into th» sams prict range as 
ordinary laboratory instrumants^ and their 
ability to collect and store data makes 
than an extraately t^elcome addition to a 
laboratory. At Snith Collegei ure have de- 
valOpad tuto applications for using micro- 
cOAputars in neurobiology. One application 
It 'suited to advanced s'. ^^ents and rs- 
sa«rchers and involves the u^e of a rnicro- 
computer and a digitizing tablet to meas- 
Ura photographic dataj the other is suit- 
able for routine use in a neurophysiology 
coursa and Involves an analog/digital in- 
ter faca for collec ting and d isplay ing 
translant data. In describing thase turo 
applications^ 1 shall emphasi xe a number 
of aspects that 1 believe are of general 
intarest in introducing microcomputers 
into undargraduate laboratories. 

HMtDyME: THE AlH 69 

1 chose Rockwell's AlH^65 microcom- 
putar for laboratory use. Like its smaller 
couslnsi the KIH and SYH* AlH-65 is a re- 
latively Inexpensive single-board computer 
th«t Is based on the 6502 microprocessor. 
Tha AlH includes an input/output interface 
Vith two 6^bit parallel ports' urhich uie 
us# to connact the computer to laboratory 
inairuaientSj plus tuo timers and an inters 
rupt register. The AlH also has a full 
ha^bOardf a 20-character alphanumeric dis- 
pl«yi find a thermal printer. I consider it 
an advantafa that the AlH doe« not use a 
vidao nonitor^ sinca video uould make the 
sy#teA less compact and more expensive^ 
tha AlH's one-lina display is adequate for 
prO«pt« and data> and tha output ports 
provida a means tuith a dlgital^to-analog 
converter) of plotting data at high reso- 
lution on an oscilloscope or chart record- 
er. Tha AlH's printer further provides 
each group of students uith inexpensive 
hard ^opy. 

Tha AlH la also relatively convenTient 
to program, it has an extensive tSK) moni- 



tor that incorporates a versatile editor^ 
a d isassamb 1 eri and a psoudo-assemb ler 
that permits i^riting programs in mnemonics 
rather than op codas. A full symbolic as^ 
sembler^ uhich 1 used for uriting our pro^^ 
grams^ is optional^ as is an BK GaSIC 
iboth of these are supplied as raad^^only 
memories that plug into designated sockets 
on the AlH board). The assembler and BASIC 
sockets uill also accept 2716 erasable^ 
programmable read-only mamorles tEFROHs). 
Once a program is debugged^ it can be lo- 
aded into an EPROH to be installed In the 
assembler sockets permitting a student to 
run a program by typing ^'"S " the monitor 
call to the assemb ler. The student does 
not need to be an accomplished computer 
user} tha programs are highly interactive 
and provide abundant prompts for entry of 
data and for menu choices. 

In addition to the MHt its enclosure^ 
and a pouer supply^ tuo other pieces of 
hardware are necessary. The AlH's 4K bytes 
of on^board memory are not sufficient for- 
extensive dig itixation^ so that a supple- 
mentary memory board Is desirable. 1 chose 
the Memory Plus* an 9K board from The C^m- 
puterist tP. 0. Box 3j S. Chelmsford* MA 
01824)* urhich has the additional feature 
of an EPROM^ programming circuit. Other 
man^f^acturars also make AlM/KIM-compatible 
8K and 16K memory boards. The other major 
piece of harduar e required is an 
analog/digital interface. Cownarcial A/D 
boards that cari Interface to the AIH's 
input/output ports are available* but the 
ones that 1 am duare of are too slo*4f for 
digitisation at the rates needed (about 10 
kHz) in a nfurobiolosy lab. Consequently* 
u« built our oun analog interface* uhich I 
shal 1 descr ibe later. At present ue have 
tiifo AlHs at uork. One is a prototype sys- 
tem with i2K of memor Jnd a single analog 
input/output channeU its cost is about 
91000* and ue are seeking funds to buy and 
build six more such systems for routine 
class use. The other AIM has 4K of memory 
and is devoted exclusively to taking data 
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from • HiPmi dl|ltliln| tablvt (Houvton 
In«truMn««>. That «««tM'« to%t* Intlud- 
ln| tilt dl|ltliln9 tabltt^ 1« about «1400. 
For 'toinfarlvoni thtvt prlttv art of tht 
«Mt ordor of iMinltudt o« o loborotory 
jvclllovtoM or o th«rt rttordor. 



oohtd to rt«d or gonorott htxodttliiol 
numbtro. Slnct tht 6908 mlcroproctooor ton 
bo mot to do BCD orlthftttlc^ It Mdt etnot 
to otorti computoi ond tnd In BCD rothtr 
than to convtrt to or from htx. 



PLICATION It 
INTCHFMim TO A DIOITIZINO TABLET 

1 «holl flrtt dttcrlbo our otfottii for 
tolloctlni doto uolni • HlPod dlgltlilng 
tobltt. Tilt pro|rM h«« bttn through vtv- 
oral otogto of dtolfn ond 1« now In ht^vy 
rofular uot. It llluotrotto otvtral o«- 
pocto of Inttroctlvt loborotorg coaputlng 
tbtt I btllovo oro of itntral laportonct. 

Nouropbgololofloto tvplcolltt aooouro 
tht tloctrlcal chongto In ntrvt or auoclt 
ttllo In rtoponut to otlaull. Tht otlmull 
on# rtoponooo tro dloplogtd on on eotlllo* 
otopo otrton «nd art uouollg photogrophtd 
on 35*nM flla by on outoMtlc cMtr*. Tho 
photogropho oorvo o« prliwry doto for oub* 
«t«uont OToltfolo of tht trocto ond for 
llluotrotlono for pcibllcotlono. Anolyolo 
ro«ulrt« Moourlng tho oaplltudto ond tlmt 
touroto of tho ovontoi which 1« uouolly 
dono by projoctlnf tht fll* In an tnlorgtr 
onto graph papar and <b«fort altrocoNi-* 
puttro) ttdlouol^ counting o^uarto. A dl* 
gltlilng tablot undtr tht graph paptr 1« a 
hu9t iNtprpvtiionti It tahao data automatic 
tttl^^ opatitt u| tht anal^olo bg a factor 
of at Itaot tan* ond 1« Intrlnoltallg moro 
accurott tlion hand analgolo. For thott who 
havt ntvtr ottn a mioII dlgltlilng tabltti 
It tonoloto of a flat ourfact <our« 1« U 
Inchoo o^uart) In whlth wlroo art ambtd* 
dtdi pluo a trooo^halr curoor that i« 
plocod on tht turfact and rtturno tht XiV 
coordinatoo of ito pooltlon. In uolng a 
dlfltlilnt tablat^ two preblaiM ouot ba 
oalvod: Inttrfatlng tht olcroconputtr to 
tht tabltti ond crtatlng an tfflclant pro* 
groo for rtcordlnif and analyilng dota. I 
oholl daocrlba itho Intorfoclng oopocto 
flrot. 

Tha tlattronlco In tht HlPad tabltt 
output dota In oovoral foriiato^ any of 
Qihlch Mtt bo oupprooood by juoporo at tho 
output connoctor. Dlffaront vtrobo llnoo 
aro avollobla for toch of tho foriiato^ to 
thot a olcrocooputtr can ba Mdt to at^ond 
to ont forMt ond to Ignoro tho othoro. 1 
chooo to taho doto In blnary-codod docliwl 
(BCD) form rothtr thon In otralght blnarg 
(htiadttlMDi tht alttrnatlva poralltl 
ftroat. Tbt ooln rtaoon for thlo cholco 1« 
thot tho final output had to bt In dtcliwl 
foro olnct haiadaclool data art Incooprt* 
htnolblt tt ooot blologlott. I bollovo 
thot an lafortan^ printl^lo oiloto horo: a 
otudont or roooarctior ohould novor bt 
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3rtf tm 
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Y Ah^ 
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9th am 


Y Ah^ 


M EO 


3nl SD 




Y Aig 


4ii SO 


LSD 


rth ftVTC 



DATA TXHIMO 



)CZ 



In Ito BCD forfltati tl ¥ HlPad tabltt 
output* otvon bytto of data for tach dlgl- 
tlitd point. Tht conttnto of thtot otvan 
bgtto art ohown In Fig. li which aloo 
ohoii^o tht tlolng of tht data. Nott that 
bytt 1 1« a control vwrdi bytto 2t % and 
4 contain tht X-toordlnatt^ and bytto 9^ 
6^ and 7 contain tht V-coordlnatt. Tht 
tlolng diagram ohow* that tht BCD otrobt 
lint goto high a« 04»th bgto i% output. 
Thuo^ a oubroutlno to road dota Into tho 
olcrocooputor oust toot for tho prooonco 
of tho otrobo pulooi thon road tho curront 
bgtti otort Iti ond ropoat thooo opora^ 
tlono until oovon bgtoo hovo boon road. I 
connoct^d tho BCD otrobo to control lino 
CAl^ and tho olght data llnoo to tho AlH'o 
Port A. In tha ogotooi Input/output 

porto and aoooclatod r^glotoro oro road 
froo and wrltton to ao Moory locotlonoi 
00 that oporatlono on tho otrobo puloo and 
data rooaobla roadlng data froo oooorg. 

Tho full i^ubroutlno to taho a data 
point lo ohown In Flgura 2. Whon tho ou- 
brovtlno lo callod^ tha olnroprocoooor 
ontoro a throo^lnotructlon luop In which 
It raiMlno unltll tho otrobo pvloo occuro. 
In thlo loop^ It chocho tho Intorrupt flag 
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r«g i %tnT i m* part of ths 6922 
input/output chip) to m«« if lin* CAl im 
hl(h. It thtn rMdm Port A» chtchm for tht 
«Mpoctod control woTdt ond if It im founds 
procoodm to rood ond mtoro tho romolnl^g 
%it bgtom of doto. Onco tho %it Xt V bgtom 
hovo boon mtorodt thog oro ropochod to 
ploco tho mign of ooch coordinoto in o 
soporoto bgto for «oro offlclont hondlinft. 
In tho ovoroll progron* tho OETPT mubrou** 
tlno Im followtd bg onothor mubroutlno 
thot tomtm whothor tho point jumt tohon 
Horn in o «onu oroo of tho digitizing to^ 
blotj if moi tho progroA Jtfiipm to tho op- 
proprloto moctlonj othorwlmo tho point i% 
trootod om o loftitinoto doto point. 



cn ^]MT Fit Htm 

«D9Di GEfPT 

ftsicc» iDn m 
em m m2 

i3Ma4 LDA POftTA 
Am AND tf Fd 

im cm %m 
ice? Bi€ GEm 

icc» m tH 

lliMD LOA IFA 

Atea AND %m 

BEO STAOai 
DEieCS LDA POATA 
i«2t 5TA MVDATAiM 

DItm CPM t««^ 

•■04F4 

jtEPAClC &ATA 
iPF* LOV %4 
J5M1FT 4 BITS 
«>03F( 5HFDAT 
i7A9 tSi XVpftTA 
3BC9 AM KVDATI^*! 

urt aSa MviATAfa 

tSA» L5> MVMTA+S 

:HC ADA xmfit^A 

7»( tOA MVfrATA^S 

A» ^ 

BIBS . BNE 5HFt»AT 

3B ITS 



iXfT DATE: ii/2e/7» 



V-HiiCF7<V.lit>. V 



SCALE. nS/DlV. 
M/DlV: 

rtv/Div^ 



FAAME f«3t IDA Al 
aOCK im:3A il/2t/79 

tARSE NA 

4B«^ ns 

VBA5E nv 

tPEAK 43e«e NA 
WEAK ^94^ nv 

mi? 



FRAME A03i IDA Al 

aocic a:. 38 ii/2&/?9 

IBASE t«Af A NA 

*m4 ns 
VBA5E 4ei3i,«« rtv 

"'^ ns 



IFEAIC 43140 MA 
VFfAIC +«A» SB rtv 

4ta2« ns 

VHALF +«A48 nv 
40^A ns 



noon 3, 



port of tho progroiA thon boginm; in thim 
moctiont o moriom of points im tohon for 
ooch frono ond mtorod in toblom in monorg. 
Figuro 3 mhotfm tho print*out Mdo during 
tho oorlg port of running tho progroni ond 
Figuro 4 mhowm port of tho toblom thot oro 
printod oftor oil fronom hovo boon noom-* 
uro«f. 

8ovorol ompoctm of thim prog^'om oro of 
gonorol Intoromt. Firmt* ovorg Aoomuromont 
thot tho umor numt iioho im procodod bg on 
oMpliclt proApt on tho AIM'm dimplog. 
fronptm Aiolo tho progron oomg to uoo ond 
oro olwogs good proctlco In Intoroctlvo 
coiAputlng> 8ocondt tho progron con bo 
ro'ontorod without going through tho ini-^ 
tl4liiotlon routlnoj oMimting doto oro 
thorobg rotoinod in Aionorg unlomm thog oro 
dollborotolg oromod> £omv ro-ontrg ttohom 
tho progrott noro forgiving of orrormt much 
om occidontol omcopo to tho ttonltort ond 
it olmo nofcom It pommiblo to print toblom 
or ro-ontor ocolo foctorm ot intor«odloto 
mtogom In tho noomuroiionto* Ro-ontrg im 
occonpllmhod bg two oioonm> Tho flrmt wom 
nontionod obov«: tho loft odgo of tho di- 
gitizing toblot Im romorvod for o iionu» 
ond ooch point tolon lo toottd to 000 if 
it follm In tho nonu oroo* Tho «ionu im 
ovoiloblo whonovor tho progrom im OMpoct** 
ing o doto polt^tt which In proctico im 
lAoot of tho tlno. Tho othor iiothod of 
ro**ontrg umoo tho throo uoor*dofinod hogm 
on tho AIM'm hogboord. During tho Inltiol** 
iiotlon routinoi thomo hogm oro progroiMiod 
to initloto junpm to cortoin moctionm of 
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838 34.88 %iU 
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«2 31.(8 2fl8 813« 
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ID*A1 
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838 •t^.H 8«f4 1828 
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V/2K5 Tine 



t>4 3148 34(8 819« 
833 38.88 33(8 8l3£ 



874 f8?.(| SM8 24*8 
833 «3.(i 8732 258A 



In oddltion to molving thomo ompoctm 
of intorfocingt it olmo lo nocommorg to 
tiovo on offlclont progron for doto colloc- 
tlon. Mg ommottblg-longuogo progroA gonor- 
otom ol«oot 2K bgtom of objoct codoi o 
mubmtontlol o«ount> On inltlol ontrg* vor* 
loum conotonto ond tobloo aro «ot o^uol to 
lorot oftor which tho doto of tho otpori- 
Mnt oni movorol ocolo foctorm oro ro" 
^vomtoi bg proaptm to tho umor. Tho noln 
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tht program Thui» tht uitr can rtdirtct 
tht fittcution of tht program fairlg con- 
vinitntlg af^d without losing data alr^ddg 
tnttrtd* 

Anothtr aiptct of gtntral inttrtst it 
that for tach framt Mtaiurtd* tht program 
fttorti data in a ttitporarg buffer until 
tht lait Ataiurtfftnt for that fraint i% 
taktn. Tht data art thtn tr^antftrrtd auto-^- 
maticallg to tht tablti in mentorg, Tht 
point of tht ttmporarg itoragt it to allou 
tht uitr to tscapt and rtmtasurt a fr#mt 
without contantinating tht final tabltv if 
an trror in utaiurtMnt ii luiptcttd. Any- 
ont who hti uitd a program that dots not 
ptrmit corrtction at tht tint of tntrg 
knout tht frustration *;hat accompaniti^ 
bting forctd to continut in a proctsi ont 
knows to bt incorrtct. in thii caitf bg 
StrAitting a ptnultg-frtt ticapt in tht 
middlt i»f a ^r£nt» a coftprontiit i% achi-^ 
•vtd bttvttn tait of programming and no 
corrtction routine at alU rtlativtlg ftu 
intaiurtfttnts art Mad* in ont frtmtf so 
that rtptating a fraitt it not ontrousf «nd 
tht final tablts rtNiain tccuratt. 

In suiwnarg/ this application of micro- * 
cOMputtrs to data collection illustratsi 
Stvtral aiptcts that 1 btlitvt art charac- 
teristic of good inttractivt progrants. Tht 
program it parnanantlg in an EPROH and can 
thtrabg bt calltd bg a linglt kagitrokt* 
without rtciuiring that tht uitr knou how 
to run a tapa-^ or diik-^loading routinaj 
«liOf H cannot bt accidantallg uritttn 
ovtr. Tht program providti abundant 
prompt!. Data input and output art alwagi 
in dtciMi format. Tht program can bt 
rt*tnttrtd and radirtcttd without traiing 

axiiting data/ making it mort convtnltnt 
and mora forgiving of trrori. Errori of 
which tht uitr i% twara c#n bt corrtcttd 
at tht timt of tntrg. Each of thtit fta-^ 
turts is» 1 thinki important in bringing 
microcomputtri into tht Itboratorg* Tht 
philoiophg bthind thii approach is to makt 
tht computtr frltndlg to a uitr who is not 
axptrt in programming* As a colltagut tx-^ 
prtiitd it» "You don't txptct itudtnti to 
build an otcillotcopt in ordar to uia onr* 
so whg tvptct thtm to program tht micro- 
computtrs that thtg ust?** 

APPLtCATtm 2: 

ANALOO-TO-DtQtTAL CONVERSION 

Our itcond application will tvtntuallg 
bt ussd bg mora studtnts than tht firit 
ontf but tht program is itill in an aarlg 
sttga^ so 1 will dticribt it onlg britflg. 
Sttldtnti in nturobiologg laboratoritt tgp-^ 
icallg record highlg-^amplif itdi trantitrft 
tltctrical signals from tht ntrvti of ani"" 
malt luch as frogi or cragfiih. Tha tig- 



nalv art obitrvtd on ovc illoscopts* and a 
rtcurrtnt difficultg in tht pait ha^ bttn 
that tht trantitnt lignalt art difficult 
for itudtnti to mtasurt or tvtn obstrvt. 
Storagt oicilloicopti art htlpful* but 
thtg art txptniivt and thtg do not provijit 
hard cop if. Routint photographg ii ilow» 
awkward » and txptniivt* particularlg i f 
Polaroid film ii uiad. Kicrocomputtrsf on 
tht othtr handf offtr tht poiiibilj^tg of 
digitiiing lignali and plaging thtm back 
for analgiii. Plagback can bt rtpttitivt 
and fait for obstrvati on on an c^'c i llo- 
icopt/ or it can bt ont-ihot and ilc^w for 
writing out on a chart rtcordtr. In addi— 
tionf in mang txptrimtnti lignali art rt- 
cordtd from singlt ntrvt calls rathtr than 
from groupi of ttn^ hundrtds of ntrvt 
ctlli. In luch castSf tht information of 
inttrtst it tht timt interval bttwttn in- 
dividual tltctrical Impulsti (action P^-^ 
ttntiali) in a ntrvt call. Hiitogrami of 
inttr-pulst inttrvali and poit-itimulci 
firing ratei art rouicintlg computtd in ra*^ 
itarch laboratoritii wt can now makt luch 
ttchniq^uti availablt to undtrgraduatti ai 
wall. Finallg* lomt naurophgiiological tx- 
ptrimtnts (such ai rtcording evoked poten- 
tial! from the icalpl rtq^uirt lignal avtr-^ 
aging ttcausc the signali are much imaller 
than the background electrical noiit. Once 
againf microcompjtari can mak t 

Gignal-^avtraging tecnniciuti available to 
under graduate!* 

Digitiiing traniient lignali and liff- 
nal-averaging both rmuira analog-^to^- di- 
gital conversion^ but presentlg available 
A-to-D boards that interface to a parallel 
port ara too ilow for uie in a neurobiolo- 
gg lab. An action potential can be ai 
brief ai l miacf and if iti shape ii to ba 
preierv^d in digitiiation* at leait 10 
samp lei ifti^;fld be taken* This req^uirei a 
lampling interval of 100 uiec* Analog Dev- 
ice! (p, 0, Box S80f Norwood* MA 03062) 
manufactures an integrattLd-c ircuitf 8-b it 
A-^to-D device that can make one converiion 
everg 25 usee and that costi leis th#n 
*25. t have uied tliair device in the line- 
log converter board h^hose block diagram ii 
shown in Figure 5, The converter rojiuirai 
two control lineii one to start converiion 
and one to signal that the data are readg* 
plui eight data linei. Theie lines ara 
connected to Port A and to CAl and Cr^ of 
the AtK. Port B ii connected to a 
digital-to-analog converter/ for plagback 
of digitiied data. The Port B control 
linasf whJtch are not otherwiia naededi are 
used for input and output of trigger 
pulsei. 

Mg interactive program for A/D conver- 
lion* like the HiPad progremi will raiide 
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Ift •!) EPItOn #nd will m^km th# sicrocoii- 
putmr %mmm likm m %mmrt inttruMnt to th# 
ut#r. Th# Mjor Inp^t routln# prOvld#t 
contlnuout dlgltlxit^qn ylth tcrolling 
dltpligj to thot thff otclllotcopo tcroon 
r«tt«bltt m moving chort. Rocolpt of • 
trl9|ffr pultff couftffft digltliotion to cooto 
ofttr m protfft Intorvol* followod by con*- 
tlnuouft roploy of tho lott throo P«9o« of 
4§tm (thrtt p«9tt Brm obout tht llilt fo.^ 
o fllclior^frffO ilftpltg). Tho Uftor t:#n olto 
choo*o to output thff dlgltliffd dott ftlow* 
Igj for plogbocit to o chort rtcordor. 
ChiBrt rtcordorft h«vo frt^uoncv poHbondt 
frOffi DC to 100 Hii ft mo%\, ^ilm tho ori- 
ginal tlgnol hot ^portunt conponontt up 
to about 9 ItMii thut on oupontlon of tht 
tliio*tcolff bv o foctor of 100 lo nocototrv 
to itfTlto thff d«to occurottlg on o chtrt. 
rffcordffr. Thff tlM^tcolff ctn bff ffxi»$ndffd 
fftoilV bv Intffrtlng o tiding loop In thff 
plovbtcll progrotf. 

Dlgltliotlon ot 10^ 000 ttnplfft pffr 
Offcond yi»uld oppfftr to rffq^ulrff hugff tm'* 
ountt of tfffnorgt but o comporloon itlth thff 
etcflloocopt oitffffp tptodt th«t aro uoffd by 
nff^roblologlttt to dloplog dtto ohowt that 
thff tfffttorg rff^ulrttfontt orff not ^KCffttiVff. 
*A tlnglff titffffp tgplcollg dlopl«gt fro« tO 
ffitffC to 0, 9 tffC of dotOf to thot bvt«t 
of Mffnorg would hold tt#.7 to fflghtg tw^optv 
In lung coofftt t^hffn longffr twoffpt :»f doto 
ort of Inttrffotf high rotfft of dlgltlio- 
tlon ort not n«ffdffdt ond thff ffffffctlvo co- 
ptcltg of thff nMOrg c«n bff ffxtffndffd. 

Thuut In ouiMMrgt thff rfflotlvfflg low 
cott of «icroco«putoro opono mmm* nffw pot- 
olbllltltff for utlng thff* ift t:im Uboroto- 
rv- Tho progroMilng ffffort thot it rff- 
qulrod con bff titontlvff* «nd toiM of tht 
intorftCff hordwtro Mv htvff to bo con- 
•tructffdf but tht rffoulto glvff ttudonto 
•normouolg grottor cop^bllltlfft for ono- 
IVitng dott* It io l«porttnt thot undfft- 
f|roduot«« In ocloncff rtcfflvff ffi^itrlffncff 
with tuch tochnl^Ufftf for thov wll! worlt 
in o world in which coMputorliti^ collec- 
tion tnd onolgolt of doto will bt routlno. 
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CLASSICAL MECHANICS WITH COMPUTER ASSISTANCE 

A. Oouglas Oavts 

Oepartment of Physics 
Easttrn Illtnots University 
Charleston. IL 61920 



^hls paper describes the use of 
I computer and elenentary nunerlcal 
analysis In the teaching of a course 
In classical mechanics. This Is a 
traditional) rigorous^ calculus-based 
mechanics course. The use of. the 
computer allows students to solve 
problems somewhat before the analytical 
solution Is developed. Such prior 
solution allows them to anticipate 
the analytical solution and greatly 
aids In their understanding. Computer* 
generated solutions also allow the 
Investigation of Interesting problefts 
whose analytical solution would other-^ 
wise be beyond the scope of this 
course. 

INTROOUCTION 

This pap^r describes the use of 
a computer and elementary numerical 
analysis In the teaching of a course 
In classical mechanics. This Is not 
a computer-based mechanics course. 
Rather It Is a traditional* rigorous 
course In classical mechanics. Computer- 
generated solutions are used as simply 
one more tool to teach the real physics 
of the situation. 

The first week {three 50-m1nute 
lecture.) Is devoted to teaching 
"conversational BASIC'-- Just enough 
BASIC that even students with no prior 
exposure to computers can go to a 
terminal and write the simple programs 
wt shall use. Thus* students can 
Immediately write* run and change their 
own BASIC programs. The TAB function 
In BASIC allows even neophytes to 
obtain graphic results very quickly. 
In addition* the results of some 
Instructor-written computer programs 
are used. Both student**wr1tten and 
1nstructor'*wr1tten programs 9lve students 
another tool— another point of vlew^ 
enother handle -- to use In developing 



physical Intuition and a solid under- 
standing of what's going on In a given 
situation. 

Computers are used In the following 
areas: 

1. Introduction to variable forces. 

2. Introduction to Integral calculus. 

3. Investigation of harmonic motion. 

4. Alternate approach. 

5. Central force orbits. 

INTRODUCTION TO VARIABLE FORCES 

In any good^ solid Introductory 
physics course students will have solved 
essentially all of the basic probli^s 
Involving motion caused by a constant 
force. Variable forces require the use 
of calculus for a solution and are 
usually not covered In detail In an 
Introductory physics course - even If It 
Is nominally calculus-based. 

Harmonic motion Is the motion of a 
body under the Influence of a linear 
restoring force and can be written as 
F « *^KX where F Is the force> X Is the 
position* K Is the spring constant which 
determines the strength of the forct> and 
the negative sign Indicates that the 
force always acts to move the body back 
to the origin. A classic example Is a 
body of mass M attached to a spring with 
spring constant K. But harmonic 
oscillators have more wide spread use 
than that. A thorough understanding of 
harmonic oscillators Is userui* ftven 
necessary* for understanding such diverse 
things as automobile suspension systems* 
radio receivers, and ultra-violet 
absorption by the atmosphere. 

A major foundation of classical 
mechanics states that a force acting on 
a body will cause It to accelerate. -This 
acceleartlon Is directly proportional to 
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the force and Inversely proportional to 

the mass and can be written tn the form 

of a « F/m ori as ts more usuaTly done* 

tn the forn of F « ma. Beginning with 

this In the second week of cTass students 

write a slmpTe Iterative program to solve 

for the notion of a harmonic oscllTator. 

The essentials of the program are: 

TOO LEV F « * K * X 

no LET A « F/H 

120 LET V « V + A * 0 

130 LET X « X + V * 0 

HO LET T « T + 0 

150 PRINT T, X, V 

160 60 TO 100 

where F Is the forces K» the spring 
constant! A, the acceleration; V, the 
velodtyi X» tha posltloni T, the 
tlmei and 0» the time Increment AT. 
A'^dltlonal details of the program allow 
D to be small for greater accuracy yet 
have only a manageable amount of data 
to be printed out. A more sophisticated 
numerical analysis routine^ like the Runga- 
Kutta method) could be employed (1). 
But since the object of all this Is to 
understand the physics of the notion rather 
than extreme nunerlcal accuracy^ the 
simpler method seems preferable. While 
classroom discussions are usually 
limited to writing a program In BASIC* 
this procedure Is readily adaptable to a 
hand-hald programmable calculator (2). 

The TAB function In BASIC allows a 
student to get graphic output readily by 
changing the PRINT statement to: 
ISO PRINT TAB (40 + $0 * X); 
which centers the output on column 40 
when X « 0 and has a scaling factor of 30 
to PRINT an asterisk In column 70 or 
column 10 If X has a value of +1.0 or 
-1.0. If considerably larger or smaller 
amplitudes are expected tha scaling factor 
Is changed accordingly. 

Such graphic output allows the 
students to sea the motion — and 
Investigate Its dependence upon tarlous 

Parameters In some detail before we 
egln the rigorous analytical solution of 
the same peoolem* Knowing more about 
the behavior of a system makes finding 
a mathematical solution all the easier 
and more meaningful once It is obtained 
by more traditional means. 

IHTROOaCTION TO INTEGRAL CALCULUS 

The fact that an Integral represents 
the area under a curve Is of vital Impor- 
tance In physics. Yet students sometimes 
complete the average course In Integral 
calculus knowing an Integral as simply an 



operation, the antldlfferentlatlon of a 
function. To stress the Idea of an 
Integral as the area under a curve or as 
an Infinite sumi a homework problem Is 
assigned that asks for the sum of the 
areas of small rectangles bounded by the 
quadrant of a circle. The quadrant of a 
circle can be broken Into five, teni 
perhaps 20 or even 100 small rectangles 
whose Individual areas can be calculated 
by hand. As more and more smaller and 
smaller rectangles are used) their total 
area ccmes closer and closer to the 
actual area of a quadrant of a circle* 
irr2/4 or 0.7aS4r2. An Integral, since It 
Is a sum of an Infinite number of 
Inflnlteslmally small rectangles gives 
exactly that result. To make this point 
unmistakably clear, the students are 
asked to continue by breaking this 
quadrant of a circle Into 100* then 1000, 
and finally 10*000 tiny rectangles. This 
problem would be unrealistic and futile 
to attempt by hand* but Is an easy and 
Interesting problem for the computer. 

INVESTIGATION OF HARMONIC NOTION 

F « -KX describes a simple harmonic 
oscillator. Addition of a rrfctlonal 
damping force turns this Into a much more 
realistic damped harmonic osclTtator. 
Such a damping force might represent 
mass and spring wiggling under waters or 
In cold molassesi or the resistance In a 
radio or the shock absorbers on a car. 
Its Inclusion drastically changes the 
technique and approach necessary for an 
analytical solution. But long before the 
students are concerned with the details 
of an analytical solution^ they have 
amply Investigated the behavior or motion 
of this damped harmonic oscillator. The 
only change to the earlier computer 
program Is to redefine tha force* Includ- 
ing the damping force, 
100 LET F « -K * X - C * V 
With this change) the students can now 
Investigate the motion for various Initial 
conditions and various values of the 
damping coefficient C. Underdamplngi 
critical damping) and overdamping become 
terms of real significance describing 
certain particular and characteristic 
motions of the oscillator. 

Resonance Phenomenon ^r the behavior 
of a driven or f orced harmonic oscillator 
has application throughout technology. 
Tuning of a radio Is but one example. 
Long before the students hear the ominous 
phrase ""Inhomogeneous second-order 
differential equation*** they will have 
learned much about the characteristics of 
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solutions to Just that. A9a1ni ont 
stitple chan9e to the Initial computftr 
pro9rain Is alt that Is requlrad. Tha 
aquation daf1n1n9 tha forca now bacomas 
too LET F • -K*)(-C*V+E*SI« fW*T) 
whara E Is tha stran9th of an axtarnal 
df1v1n9 forca which varies sinusoldally 
with an9Utar frequency w. Resonance 
can clearty be seen and 1nvastl9atad by 
chan9lAg various paranetars and observ1n9 
the effect those changes have on the 
output. 

ALTERNATE At^PROACH 

Sofie vary Interesting raat-world 
problems are difficult to solva analyt- 
ically. Others can be solved analytically 
without too fiuch difficulty) but under- 
standing the full neanlng of tha solution 
nay not be entirely clear to students. 
For both situations a computer-generated 
solution Jts a vary, useful alternate 
approach. 

It is an easy matter to discuss the 
trajectory of an object thrown and than 
acted upon by Earth's uniform gravita- 
tional field — as long as friction 
through tha air Is neglected. That's a 
reasonable approximation for many sit- 
uations. But It Is also a rather 
Interesting problem to Include air 
resistance and than Investigate tna 
trajectory. \A1r resistance Is not 
negleglble If a student throws a 
crumpled wad of paper at a waste can 
or If a naval cruiser fires a shall 
at a target ten kilometers away. 

It Is an easy matter to return to 
the original computer program an<t modify 
It to handle a ballistic trajectory with 
linear air resistance: 
100 LET Fl - -C * VI 
105 LET F2 • -C * V2 - M * 6 
110 LET Al • Fl/H ' 
115 LET A2 • F2/H 
120 LET VI • VI + Al ^ 0 
125 LET V2 • V2 + A2 * 0 
130 LET X - X + VI * 0 
135 LET Y • Y + V2 * 0 
140 LET T • T + 0 
150 PRINT T, X, Y 
160 60 TO 100 

C Is the air drag coefficient « 6 Is tha 
acceleration due to gravity* tha quantities 
with a 1 suffix refer to horizontal or 
x-componants« and quantities with a 2 
suffix refer to vertical or y-componants. 
This program yields a data table of hor- 
izontal and vertical positions which 
students are asked to plot In or<ter to see 
the trajectory, initial conditions of 
muiila velocity and firing angle are 



varied; the air drag coefficient Is also 
varied. 

CENTRAL FORCE ORBITS 

Gravitational forces^ electrostatic 
forces, and forces on an Isotropic 
harmonic oscillator are all examples of 
central forces* forces which depend only 
upon an object's distance from a certain 
origin. Central forces occur throughout 
nature. Any course In classical mechanics 
will spend a considerable amount of time 
and effort Investigating central forces 
In general and the Inverse-square law of 
Newton's Law of Universal Gravitation In 
particular. The orbits of Interplanetary 
space probes, comets and planets all are 
both Important and Interesting. 

Again, the computer can enhance this 
aspect of classical mechanics. For 
example, after the analytical solutions 
are derived and discussed) a desktop 
mini-computer with attached x-y plotter 
can be brought Into class. As tne class 
watches* orbits are drawn for various 
Initial conditions. The conditions for 
a circular orbit become obvlousi and 
the real meaning of escape velocity Is 
made entirely clear. 

This computer and plotter also allow 
the students a glimpse at how planets 
would move If the universe had been 
designed differently. Orbits for a force 
that has a radial dependence of 
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or whatever one likes can be handled just 
as readily as tha 1_ of the real force. 

This always sparks^students' Interest and 
leaves them with an experience somewhat 
more tangible than Just the discussion 
of an aquation. 

CONCLUSION 

Classical mechanics forms a xery 
Important foundation In the education of 

fhyslclsts and engineers. And. almost 
nvarlablyi It Is cons1dere<t difficult by 
students. Both student-written and 
instructor-written computer programs offer 
an additional tool to aid students In 
understanding mechanics. Students find 
the computer enjoyable (even those with 
little or no background who also find 
Its use challenging). They report that 
Its use greatly aids them In gaining a 
thorough understanding of the analytical 
solutions* for as they see how a system 
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ftctuftlly rtsponds* tht mathemfttlcs tven* 
tually dtr1v€d to dmrlbft thftt motion 
becomes much more mean1n9Tut. 
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ABSTRACT 

This paper describes a con^ter- 
augmented video education (C^VE) project 
being undertaken in the Electrical Engi- 
neering Department at the united States 
Naval Academy. The project is designed 
to produce a series of modules involving 
computer graphics display and integrated 
computer 'Controlled television to help 
engineering students ( non-elect rical) as 
well as non-engineering students learn 
the essentials of electrical engineering* 
Each module contains a quick recap of the 
theory and basic sample problems^ 
followed by an exercise to test students* 
proficiency. 

I. INTRODUCTION 

Although there are different areas 
in which a midshipman at the united 
States Naval Academy can major (from 
nuclear physics to English literature) ^ 
all midshipmen regardless of major are 
required to take a two-semester survey 
course in electrical engineering during 
their second class (junior) year. Two 
different two-semester courses are 
offered, one is the core course program 
for non -engineering majors and the other 
is the engineering core course program 
tor engineering majors* Both courses 
cover basically the same material at 
slightly different levels* Both courses 
are a mixture of theory and practical 
work and cover just about every major 
electrical engineering area. 

This unique requirement for all 
students to successfully complete a 
two-semester college level electrical 
engineering course has presented some 
time-consuming problems, in the past^ 
one-on-one e»tra instruction (EI) 
sessions have been the main tool in 
helping those non-technically oriented 
students. 

EI sessions involving an instructor 
and one or two students have always been 



an important part of the learning process 
in the Department of Electrical Engineer- 
.'.ng and is in part a philosophy of teach- 
ing at the Naval Academy. The somewhat 
slower or weaker students find this type 
of aid essential in any course in which 
applying basic principles to solve prob- 
lems is a primary objective and also used 
as a measure of achievement. These EI 
sessions were founds not surprisingly^ to 
be remarkably similar. They begin with a 
quick recap of pertinent theory followed 
by the solution of a basic problem apply- 
ing the principles just reviewed. As time 
^^ermits, the problem solving is repeated 
with variations in the hope that the 
student builds both^ experience and con- 
fidence. In £act^ the confidence of the 
students that they can succeed by apply- 
ing the different. principles td slightly 
different situations is of parashount 
importance in such a course. A typical 
EI sessions is also characterized by 
usually covering only one or two of the 
stated learning objectives of the program* 
Sessions covering the same material are 
repeated with different students. In this 
sense they are inefficient and tax the 
instructor not necessarily just for the 
time involved but also because even a 
skillful and patient instructor can find 
it difficult to mair.tain enthusiasm 
through constant repetition. 

II. DESCRIPTION OP COMPUTER- SUPPORTED 

INSTRUCTION SYSTBH 

The Academic Computing Center at the 
u. S* Naval Academy has developed a 
con^uter-supported instructional system 
(CSIS) . It is intended for use as a 
drill/practice/ tutorial tool to aid US»A 
instructors in computer presentation of 
their course material. The same learning 
material can also be used as a test. One 
feature allows the instructor to build an 
exercise in basic building blocks called 
frames. A frame may be in the form of a 
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gueetlcn, a oommentf or a help sequence; 
or it may be a means of letting the 
student control branching. The frame- 
type designator determines how the com- 
puter is to analyze the student^s response^ 
if such a response is necessary. Another 
iB^rtant feature Is that frames may e.»ntaln 
numric and string variables and function 
expressions all under the control of 
the author/Instructor. This feature 
allows the instructor to present the sams 
functions {question types) to all 
studentSf but each student: gets a dif- 
ferent set of values for the variables 
and functions (questions) used in the 
frame. Furthermore, the instructor can 
control such things as the nuitiber of 
tries a student is allowed for answering 
a question correctly, vhether the frame 
contains graphics, the number of times a 
frame is to be presented with different 
varleU)Ies substituted, and allowable 
correct answers. 

A team of eight instructors from the 
Department of Electrical Engineering is 
currently working on a project using CSIS. 
The current project will incoirporate 
those phases of aid to students into 
packages or modules of material available 
at any time in the Academy's audio vlsuaX 
centers . 

The project team is producing a 
series of modules of video and con^uter 
materials which could be used by students 
as a self^'helpf extra-instructlon tech- 
nique. Bach module is keyed to one of 
the recurrent stumbling blocks encoun- 
tered each year by non-engineering 
majors in their first course in electrl*' 
cal engineering. These modules are 
being designed to replace some of the 
regular extra- instruction tutored/taught 
by the faculty. 

A study of past exams, student 
evalufttlonsr and faculty questionnaires 
indicated that all students, from the 
superior to the weaker, experienced 
common stumbling blocks. Interestingly 
the problem areas were common to. both 
the engineering and nOn^^engineering 
students. These areas covered such 
topics as network reduction, Thevenln^s 
Theorem/ Norton^s Theorem, voltage/ 
current division, RC and BL transient 
analysis . 

It is our conviction that the com- 
puter is most significantly exploited 
OS an educational tool vhen it is used 
in conjunction with other activities. 
All ntodule design work is approached 
with the Id^a of complementing class 
work with practical drill and practice 
exercises which reinforce the major 
learning objectives. 



All extra -instruction modules are 
designed to give initially a brief (one 
or two frame) review of the objective in 
question. However, the heart of the 
modules is the drill and practice frames. 
These frames can select problems and 
circuits at random and through the use 
of predictable wrong answers (PtfA) guide 
the student through the necessary steps 
to a solution. The instructor/programmer 
can incorporate video anywhere in the 
program/ from using educational television 
for the initial introduction to h.iving 
certain segments serve as help sequences 
for the PtfAs. ^ Since both the graphics 
terminal and the video cassette player 
are completely controlled by the compter, 
the student is relieved of all coordma*- 
tion tasks but is still an active part in 
a multi-media presentation. A control 
interface was designed at the Naval 
Academy to take signals frcmi the author's 
program and physically control the video 
cassette player. There are commands such 
as "GO TO" and "PLAY." These commands 
transport the video tape under author/ 
instructor or student control . The 
computer really acts as a coordinator. 
The student, not the computer/ can control 
the instructional flow. This control 
results both from answers to presented 
problems and from input to periodic 
decision frames. Figure I shows an 
arrangement of the color television 
monitor, color video cassette player, and 
the computer graphics display terminal. 

In what follows, we describe some of 
the computer-aided BI programs. 

A. Voltage/Current Division 

Figure |2 depicts a typical question 
frame block diagram. Figure 3 reflects a 
specific question frame in the voltage 
division module. As the student enters 
this particular frame/ the program assigns 
random values from previously stored files 
to all circuit variftbles. The component 
across which the voltage drop is to be 
calculated is also randomly selected. 

Based upon the values assigned and 
component selected/ the program calculates 
the correct answer/ six predictable wrong 
answers (PWA) , and One unpredictable wrong 
answer. The student then enters his 
answer. 

In Figure 4 the user has entered a 
value of 65/ and the computer has re- 
sponded with the unpredictable wrong 
answer message. In Figure 5 the student 
entered the correct magnitude but had the 
wrong polarity which caused one of the PWA 
messages to be displayed. Finally in 
Figure 6 the student has answered correct- 
ly and received an appropriate congratula- 
tory response. 
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FIGUHE I 




Tbe PITAS are not limited to a one- 
or two-line message but can be expanded 
into several supplementary frames or a 
video presentation. Upon completion of 
these help sequences the user is usually 
given the same or similar questions to 
test his understanding. 

After a successful answer, the 
program checks to see whether the 
student has received the required number 
of presentations. If not, a new circuit 
with different components and values 
would be randomly selected and presented. 

If the number of presentation 
criteria is satisfied, the program 
determines whether the user has answered 
a predetermined number of questions 
successfully to continue to the next 
objective. If not the student is sent 
to another series of help sequences; 
otherwise he is directed to the next 
obj ective* 

All variables, circuits, com- 
ponents, number of presentations, and 
number of attempts are under the author* s 
control. 

B. RL Transient Module 

^ This program consists of 28 frames. 
AS an example, suppose the student has 
reached Frame 8 and is presented with the 



circuit as shown in Figure 7* Bm in 
asked to answer the questions and the 
picture remains on the sci:een until he 
has provided an answer. If the answer is 
correct, he moves on to the next topic. 
If the answer is wrong the first time, 
he is given a second chance. If his 
second answer is still wrong, he is 
giv^n three choices: (I) more review, 
(2} take the test again, or (3} stop. 
This information is given in Frame 13 as 
shown in the Appendix. All he has to do 
to make the choice is to type in KEVIHtf, 
COKTIKUE, or SITOP. If he chooses REVIEW, 
or CONTINUE, an appropriate picture will 
appear on the screen to provide the infor- 
mation he has asked for. If he chooses 
to STOP, he wi?l be asked if he wishes to 
comment on the program. He can either 
type in "NO** (no comznent} or make a 
comment and then sign off. 

III. SUMMARY 

Computer-augmented video education is 
a highly interactive process that ifi dif- 
ficult to describe verbally, ^e best 
understanding can really only be achiwed 
by sitting at a carousel/terminal and 
running the module. A good oom^uter-based 
instruction system must satisfy several 
different communities; the educator- 
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programmer^ the instmctor^ and most 
importantly the student* 

Student response to the first set of 
ncdules has been heartening, as a large 
nijjilber indicated that they found the 
modules to be helpful and enjoyable* Many 
students tried the programs after hearing 
that they were of help; on the night 
before each major exam approximately 25% 
of the class worked one or more modules* 
We feel it is important to develop pro- 
grams that will be challenging and com- 
pelling and that will encourage students 
not only to try other topics, but also 
to recommend the programs to other 
students* 

The twelve modules that were used 
covered material of about 1/4 of the 
course, and approximately 75% of the 
students in the course used one or more 
programs* It appears that the availabili- 
ty of additional topics would have re^ 
suited in a greater percentage of the 
students using the modules, since other 
topics were suggested by both users and 
non-users* The advisability of provid- 
ing a complete set of supplementary 
programs is being studied at this time* 

A total of SIX sections out of 45 
were randomly selected to authenticate 
each module* Three of ipiese sections 
were designated control groups while the 
remaining three were the test groups* 
Although data are still being analyzed, 
initial indications point to a high 
correlation between the test groups and 
the higher test averages* (The ccnnplete 
data analysis will be available by the 
time of the conference*) 

There were two major problem areas 
pointed out by the students* The first, 
not surprisingly* was delays caused by 
slow computer response* The chaining 
process used in the display of graphics 
caused some fairly large delays especial- 
ly when the number of users on the system 
was in excess of 100* This problem 
must be dealt with (it will be studied 
this summer ) , since these delays may 
have prevented some students from using 
the programs and could dampen enthusiasm 
for any interactive computer materials* 

The second most often recorded 
comment was a pedagogical one* The 
«tuden€s had a strong desire to see the 
school solution to a problem* This was 
true even though they may have answered 
the problem correctly* There was also 
a strong preference for seeing the 
specific problem missed worked in the 
help sequence rather than seeing a \ 
general review of the theory involved* 

Through the use of computer 
graphics display terminals, well 
engineered and flexible software, and 



a system with a demonstrated high reli- 
ability, we believe we have developed a 
pedagogically sound and interesting set 
of modules that will complement the 
regular classroom instruction* The 
student can use the system to increase 
basic electrical engineering skills 
through drill and practice* The in* 
structor can anticipate to spend less 
time on Zl sessions and therefore can 
devote more time to students with serious 
difficulties* 

This type of customized instruction 
offers the added benefit of diagnosing 
students^ specific problems in given 
concept areas as well as measuring vari- 
ous teaching methods, since one can 
monitor the responses/comments of 
students to the given material* 
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FIGURE 3 

QUESTICm #1 FRAHt; 51 

YOU will be given three chances to answer 
all questions correctly, if at any tiine 
you feel you would like to review the 
voltage divider technique conceptt type 
"00" when a question is asked. 

(The calculator mode may be entered by 
typing "SCS".) --Wait for the circuit.— 

What is the value of the voltage drop 
across R2? 

R1«I500 OHMS R2-670 OHMS B3»560 OHMS 
Rl'600 OHMS VS'6.3 VOLTS 

ANSWER? 




CIRCUIT 7 



FIGURE 4 

QUBSTlOtt II FRAME 51 

YOU will be given three chances to answer 
all questions correctly. If at any time 
you feel you would like to review the 
voltage divider technique concept, type 
"00" when a question is asked. 

(The calculator mode may be entered by 
,typing "$CA".) --wait for the circuit.— 

What is the value of the voltage drop 
across R2? 

RlsISOO OHMS R2^670 OHMS R3»560 OHMS 
R4«600 OHMS Vs-6.3 VOLTS 

AMSWER? 65 

I'm sorry but your answers don't agree. 
I think your approach is incorrect. 
Please TRY AGAIM or type 00 to review. 
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FIGURE 5 

QUBSTIOtt #1 FRAME 51 

You will be given three chances to answer 
all questions correctly. If at any tiine 
you feel you would like to review the 
voltage divider technique concept t type 
"ao" when a question is asked. 

(The calculator mode may be entered bi 
typing "$CA".) —Wait for the circuit - 

What is the value of the voltage drop 
across H2? 

Rl>1500 OHMS R2«670 OHMS R3=560 OHMS 
R4^600 OHMS Vs«6.3 VOLTS 

ANSWER? 65 

I'm sorry but our answers don't agree. 
I think your approach i^ incorrect. 
Please TRY AGAitt or type 00 to review. 
AMSWER? -1.9 

You havft the cot^ect magnitude^but the 
wrong polarity. Try Again. 
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QUESTION #1 FRAME 51 

YOU will be given three chances to answer 
all questions correctly. If at any time 
you feel you would like to review the 
voltage divider technique concept^ type 
"00** when a question is asked. 

(The calculator mode may be entered by 
typing **$CA**.) —Wait for the circuit.— 

What in the value of the voltage drop 
across 

iU-I500 OHMS R2==670 OHHS E3°560 OHHS 
R4<i600 OHHS Vs»6.3 VOLTS 

ANSWER? 65 

l^m sorry but our answers don^t agree. I 
think your approach is incorrect. Please 
TRY AGAIN or type 00 to review. ANSWER 
-1.9! 

YOU have the correct magnitude but the 
wrong polarity. Try Again. LAST CHANCE 
OH THIS QUESTION - ?1.9 GROOVYt 
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FIGURE 7 

QUESTION #5 FRAME 3 
TEST I 

consider the following circuit. 




Let E*IQ VOLTS Rl>3 OHMS 
L»30 loH R2>6 OHMS 

The switch has been in position I for 
a long time <at least 5 time constants) . 
What is the current through the 
inductor? 

ANSWER? 



APPEKDIX 

You have missed the problem. 
You have 3 choices as follows: 

1. Type REVIEW for more drill. 

2. Type CONTINUE if you would like to 
try the test problem again. 

3. Type STOP to stop. 
ANSWER? 
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IHTRODUCTIOK ^ 

"Twenty •'five ye^rs ago our job was to 
instruct the inachinef now it is the 
machine's job to execute our program. 

E.H. Oijkstra 

In August 1979 I participated in the 
Ninth Annual Computer Science Institute 
at the university of California, Santa 
Cruz* The institute was dedicated to Pro-* 
graming Kethodology~a one*»ee>c intro^ 
ductory course folloived by a two-week 
lecture series* The speakers were an 
iinpressive group—^many of the members of 
IFIP Working Group 2*3 plus several other 
promin^mt computer scientists* I expected 
to receive information I could use in the 
classroom, but I did not anticipate that 
the material would lead to a total re- 
evaluation of what and how I was teaching. 

The nature of computing is changing 
rapidly* The proliferation of microproces- 
sors has spread the availability of com- 
puting and created an increased need for 
what Wirth (I) calls "programming know- 
how*" In addition, advancesaenta in micro- 
processors and LSI technology have paved 
the way for the development of new 
progranming techniques* Economizing on 
memory space or eliminating an instruction 
or two are antiquated programming goals* 
The design and implementation of correct, 



readable, and understandable programs 
should be the goal of modern programmers* 

Enoxmous contributions have been made 
toward reaching this goal* It is the re- 
sponsibility of computer science educators 
not only to lecture about methodology but 
to incorporate the new methodologies 
thoughout the computer science curriculum* 
The purpose of this paper is to discuss 
those aspects of programming methodology 
that have particular relevance for computer 
science education and to make some sugges- 
tions for their incorporation early in 
the curriculum. 

THE SCOPE OF PttOGHAHMlHG METHODOLOGY 

The major objective of prograimning 
methodology is to increase the program- 
mers^ ability to design and implement 
programs* Programming methodology 
addresses problem solving techniques, 
program reliability and adaptability, pro- 
gram correctness and structure, guidelines 
for partitioning lar^e program tasks f and 
software tools* The computer science 
student, whether in a four^ or two-year 
program, must develop an appreciation of 
what methodology is and how to use it* 
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PROGRAK DESIGN 

Hodu lar i z ft t io n 

"♦♦♦♦a separation of concerns*" 
E*W* DijHstra 

Host programming problems deal with 
more than one issue* Thinking about all 
the issues at once is confusing and 
difficult to do* By separating the issues 
and dealing with the complexities one by 
one, a program becomes naturally parti-* 
tJoned into modules* Programs written in . 
a modular structure are easier to think 
aboutf modify, maintain, and understand. 

How to partition a pL'oblem is not 
necessarily obvious* and therefore it is 
difficult to teach* What should be taught 
is that partitioning a problem is the 
first step in problem solving and program 
design* and i» a worthy goal in itself. 

Most introductory textbooks discuss 
modularization, but do not include enough 
exercises to provide studenti: with an 
opportunity to apply it* It is up to the 
instructor to develop sopliisticated 
problems that are simple to solve 
after the problem has been partitioned. 
The whole cycle of changing, adding, 
deleting, and exchanging modules should be 
made a part of all programming projects* 

Specification 

Specification is a statement of speci- 
fic requirements* It is a process that is 
jLr«dependent of composing the program and 
is not f^art of the solution* Specifica- 
tion provides a means of communicationf 
and in fact should minimize what the 
programmer neede to know. To be useful, 
specifications must be precise and well- 
structured* Parnas (2) believes that 
specifications stated in terms of exter- 
nally observable phenomena are preferable 
to specifications given as another pro- 
gram because they are user^oriented and 
understandable even by the non-progranmier* 
They do not leave room for guessing about 
the requirements nor do they suggest 
particular implementations* There are 
various techniques of formal specification 
that appear in the programming methodology 
literature* but regardless of the method 
the common guidelines* as suggested by 
Parnas f are: 

state everything that is required 

state nothing that is not required 

leave no room for doubt* 

It is eseential that students learn 
to appreciate the necessity of formal 
specifications and learn a well-structured 
specification uethodology* Practical 
experience in writing formal specifica- 
tions should be required of some program- 



ming projects. Most introductory textbooks 
provide coniplerely specific problems* The 
students are even given the input/output 
formats* It would be a worthwhile exer- 
cise for instructors to assign practical 
problems with which the student has 
familiarity--e.g* , registration process- 
ing* payrrll— and require the student to 
do a complete specification of a problem* 

ALGORITHM DESIGN AND DESCRIPTION 

*'Nice descriptions of neat algorithms 
are not gifts from heaven; they are 
formally designed*" 

Dijkstra and Gries 

Once a program has been formally 
specified, algorithms can be designed for 
each of the parts. Before the algorithm 
is designed, however, it is necessary to 
select a notation to describe the algo- 
rithm* The notation must be concise* 
understandable, and formal* 

An Introduction to Formal Descripticns 

One of the most powerful tools for 
algorithmic design is the notation (or 
language) developed by Dijkstra <2)* It 
is essentially a calculus for the deriva- 
tion of programs using predicate trans- 
formers for each statemont* A predicate 
transformer is a rule for deriving from a 
result predicate <post-condition}' a predi- 
cate corresponding to the set of states 
that ensure that the statements will termi- 
nate and est2U;>lieh the truth of the post- 
condition* The statements in Dijkstra's 
language include: skip * abort s assignmentf 
and the guarded construe tFTf—-fi* do— 
od* A guard is a boolean expression at the 
Head of a statement, listf a list may be 
executed only if the corresponding guard 
is true* 

The statements are defined by their 
predicate transformers* The mathematical 
semantics of a statement S and any post- 
condition Rare given by the weakest pre- 
condition such that S establishes R* This 
is denoted by i«p(9,R>* 

For the aseignment statement the 
predicate transformer is 

Wp("X E**, R) p= ^xjaE 

where denotes the predicate obtained 

by substituting air fr(^e occurrences of 
X in R by some expreesion E* A defini- 
tion of the predicate transformers for 
all the statements cati be found in <3)* 
A description of the c^erational semantics 
for each statement f'^ ' lows* 

The ^skip" star rent is executed by 
doing nothing* The 'atx^rt** statement 
signals failure* An a&signment statement 
is denoted as *'x :» E** where x is a 
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variable and B an expression* The semi* 
colon denotes sequencing; the execution of 
"Si; S2** will result in Si being executed 
before S2* The "if" statement is denoted 
as 

if Bj^ SLj^ 
0 B2 ^ SL2 

8 : 

,J ^-S^n 

where the &£ denote guards and the SL^ are 
statement Ixsts* In the execution of IF 
any one of the SLj will be ^ecuted if the 
corresponding &£ Is true** The II "bar" 
acts as a separator between otherwise un* 
ordered alternatives* The "iX)" statement^ 
denoted by 

do &. SL, 
Q 82"* SLj 

B : 

*j n n 



continues to executeany one of the alterna*- 
tives whose guard is true until all of the 
guards are false* 

Some Bxantples of Formal Descriptions 

Describing algorithms using this nota- 
tion can be accomplished through some 
faifly simple formal methods* Let us con- 
sider a situation where it is desirable to 
establish the result as a = 7 where a is a 
program variable* The program a t» 7 will 
establish the truth of the result dince 
the initial state is true (i*e*, 7 7 is 
T, and w{"a 7", a = 7) = T) * The pro- 
gram a t« 6 will not establish the truth 
of a s 7 since there is no initial state 
that will guarantee it (i*e*, 7^6 is F) 
and wpCa t» 6, a » 7> « F)* 

Let us next consider the problem of 
establishing, for a given x and y, a result 
where a, a program variable^ contains the 
larger of x and y and either x or y when 
X « y* For the result to be true when 
m « X, X must be >_ y* For the result to 
be true when m » y, y must be > x* The 
conditions x ^ y, y >^ x become the guards 
for the program stateinents* 

ifx>^y m X 

(ly>^x-*mt»y 

fi 



*The If aborts if no guard is true* 



Since one of the two conditions must be 
true the pr<:>gram will never abort* Mote 
that if X « y both conditions will be 
true, and it is indeterminate which state- 
ment will be chosen; nor does it matter 
C3)* 

Programs using the do-*-*-od iterative 
construct can be developed in much the 
same way* Let us consider developing a 
program to establish a result R that 
states that S is the sum of the elonents 
in an array A of n elements where n > 0* 
Obviously, the establishment of the truth 
of R requires a loop stinicture* What must 
be found is a generalization o£ i*e*, 
a relation P, that can be easily made true 
initially and that can be held true during 
the iterative process* In generalissingf 
the variable i replaces the constant n* 
Thus, P can be defined to be the relation 
that S is the sum of all elements in the 
array up to A (i) and 0 <^ i n* Using 
this genera lizationf the result, R, is 
established if P is true and i « n* 

Since P must be true before executing 
the loop, conditions must be found that 
establish this state* Setting i to 0 and 
S to 0 will establish. P~the sum of no 
elements is zero* During the iterative 
processf computational progress must be 
made to ensure termination* Stepping i 
towards n by increments of 1 will do that« 
Keeping P invariant then requires adding 
A(il to S after incrementing i* All that 
remains is the choice of the guard for 
the loop* Since i » n is the condition 
for tem^inationf i n must be the condi*- 
tion for remaining in the loop* The 
program has now been derived^ 

S 0| i t= 0; 

do i ^ n 

i t» i 4 1; S t« S 4 A(i} 

od 

A more robust program results when 
the guard is weaker* A guard i ^ n is 
weaker than i < n* Iff for whatever 
reason, n were less than zero, the loop 
guard i < n would cause an immediate skipf 
and termination of the loop with no 
notification of error* 

A common solution to this same prob" 
lem is the following 

S Ad) ; i 2 

do i n + 1 



S S 4 A(i} ; i :^ i 4 1 

od 
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The second aolution is more eff icient^-^one 
pass through the loop has been eliininated. 
However^ for n < I the second program is 
not corrects The program could be modi-* 
fied to the following equivalent program; 

S t- A(l) f i 1 

rio i jt n + 

i:»i+l}&»& + A(i) 

od 

hut both will result in an infinite loop 
for n < 1* 

Reasons for Using Formal Descriptions 
By this time the reader might be 
thinking that the examples have not shown 
anything new* That is exactly the point* 
The solutions may be the same but they 
have been arrived at through a totally 
different process* It is the methodology 
that is important as a program design tool* 

These solutions could probably have 
been written without the analysis, but for 
more sophisticated problems the program 
solution may not be as obvious or intui-* 
tive* And even if one were to arrive 
intuitively at the same program, that the 
development of the algorithm can be 
formally verified is significants 

By following the methods outlined by 
Dijluitra, solutions to problems can be 
devised and described in a notation that is 
quiclcly understood* The al9orithm8 can be 
sasily discussed because of the simplicity 
of the language* initial formulations of 
algorithms can often be "massaged** pro* 
ducing simpler or more efficient solutions 
without changing the assertion about their 
validity* 

Additional examples of this approach 
oan be found in the appendix* It is 
suggested that the reader solve the prob-* 
l«ns first and then compare the solutions 
with the algorithms* 

The greatest challenge in computer 
science education is teaching etudents how 
to design algorithms* The intuitive approach 
may work for some students but it certainly 
cannot be depended on* Illustrating the 
design of a few basic algorithms is 
-usually helpful, because the students 
can transfer the techniques to related 
problems* FO'^ example, different algo- 
rithms fdr manipulating the elements in a 
list may share many of the same 
properties* 

An initial reaction to the Dijkstra 
notation and the methods that are described 
much more formally in his book is that the 
methods are too mathematical and beyond the 
oomprehension of most beginning students* 
that charge may be true for the underlying 
theory and the more sophisticated problems 



whose elegant solutions can only be under- 
stood when derived formally, but for the 
types of problems introduced at beginning 
levels the pre-* and post-* condition asser- 
tions as well as the iterative structuree 
can be defined in a less formal manner* 
Dijkstra, himself in fact, often does 
just that* 

What is important is that students be 
taught to design algorithms and be 
encouraged to express those designs in a 
notation that is independent of the pro- 
gramming language used for implementation* 
When algorithms are designed with a 
particular language in mind they are 
usually overly complicated and often ittr 
correct* There is no great accomplishment 
in training students to think in FOHTRAtl 
<or any other programming language) * The 
real goal should be to train students in 
hovr to think analytically and provide 
them with tools that can assist them in 
that task* 

Other Formalisms 

At this point the reader might be 
wondering why there has been no reference 
to flow charts, structured programming, 
or stepwise refinement* The design 
methodology that has been presented is 
actuallyan historical outgrowth of these 
techniques* 

Twenty-five years ago, when program^ 
mors were concerned with the details of 
machine execution, flow charting might 
have been a useful technique* How, 
however, it is antiquated as a design tool* 
The iflosc appropriate use of the flow chart 
is as documentation— a description of the 
execution of the program* It is unreason* 
abXe to expect students to try to design 
algorithms using flow charts* Moreover, 
they hardly ever draw the flow charts 
before coding a program even when 
instructed to do so* They usually draw 
flow charts af^e r the program has been 
coded and is running* Instead of being 
chastised for this, they should be praised* 

Structured programming is more an 
implementation methodology than a design 
one* The constraints of structured pro- 
gramming for design purposes are fairly 
primitive* The Dijkstra methodology has 
equivalent basic constructs, and stronger 
guidelines for combining them* < Students 
should certainly be taught structured 
implementation, but will find that iiople- 
menting well-designed algorithms requires 
very little additional work* 

Stepwise refinement still plays an 
important role in design, especially for 
larger probl^os* Dijkstra uses refinement 
in his notation when describing complex 
problems* Hehner C4X has suggested adding 
to the Dijkstra notation a formal method 
of refinonent that eliminates the need 
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for the do-'-od structures and may further 
simplify the notation. 

Students usually are successful when 
using refinement techniques. That an 
English phrase or descriptive term can be 
included in the design process (and its 
precise definition done separately), simpi - 
fies thinking about a problan. The prac- 
tice of writing down simple concise stepd 
is one that inatirttctors should follow in 
the classroom whenever a problem is being 
worked out. Too often students attempt to 
solve problems by thinking in the syntax of 
the programming language when just a simple 
description suffices as a first step. 

PROGRAM lHPLEME»TATlOtI 

"Software is undoubtedly the major 
source of unreliability in most 
computer systws today.** 

J.J. Horning 

Unfortunately, the design of a correct 
algorithm does not ensure that its imple- 
mentation will be reliable. Whereas the 
costs of hardware are plummeting, the 
costs of sortware keep rising. Seventy 
percent of programming effort is spent 
on maintenance and much of that main^ 
tenance is repair to unreliable or incor* 
rect software. In view of this situation, 
one of the important goals of implementa* 
tion should be reliability. This section 
of the paper presents some suggestions 
taTcen from Horning (5) for creating more 
reliable programs. 

Language 

The goals of simplicity, under^ 
standabiXityr and nv^intainability are as 
important for program implementation as 
they are for program design. A simple, 
elegant algo** Jim is easier to implement 
than owe that .las not been carefully 
planned, but an effort must be made to 
maintain the simplicity. This effect can 
be achieved by choosing programming 
language constructs that are simple and 
easy to understand. Well-designed 
algorithms can be implemented using only 
a subset of a total language^ 

Another advantage of choosing a sub- 
set is that the programmer can become 
more familiar with the constructs and 
truly uTMlarstand how to use then effec- 
tively. The use of a language structure 
that is only vaguely understood can be 
dangerous. 

Very often in beginning programming 
language classes instructors cover as many 
of the language structures as possible. 
This is actually a disservice to the 
students. A more successful approach would 
be to throw out all the coit^Iex structures 
and consider only the very basic ones. 



The programmer who tiruly understands the 
basiC3 will be more valuable than one 
who thinks he/she knows all the 
complexities. 

Documentation and Style 

Documentation and style are oth^>: 
areas that can improve reliability, docu* 
mentation should include not only a 
description of what the program is 
supposed to do but also information re- 
lated to the design. Self -documenting 
techniques such as explicit declarations 
and choice of meaningful variable names 
are helpful. 

Developing a style of programming 
should go right along with developing 
formalisms. Indentation and formatting 
of the program text is a relatively 
simple matter, yet it greatly enhances the 
reader's comprehension. 

Host current textbooks provide 
examples of documentation and style. With^ 
out constant pressure from the instructor, 
however, there is little transfer of what 
the student sees in the text to the 
programming assignmerts. 

Robustness 

The concept of robustness was men- 
tioned briefly in dealing with program 
design. It is relevant as well to program 
implementation. > program is more robust 
if it functions properly when given a 
wider range of input values. The inclu- 
sion of a few precautionary measures to 
handle the events that aren't supposed to 
occur can contribute much to the relia* 
bility of a program. These measures can 
be language, machine, or data directed. 
At present there are no exception handling 
schemes that are infallible, but neverthe* 
less, it is vital that beginning program- 
mers realize the importancrd of such 
considerations and develop an appreciation 
for the need to make programs robust. 

CONCLUSION 

"Well it [prograinl works, it must 
be right." 

Anonymous 

This paper has presented certa^.n 
concerns of methodology in program design 
and impiemantation. These concerns should 
also be the concerns of computer science 
educators. The need for computer literacy 
courses is being stressed by college and 
university administrations across the 
nation. Soon every college student, 
whether in a two* or four-year curriculum 
will be enrolling in a computer science 
class. The question is»what and how are 
we going to teach these people? 
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For years, the philosophy has been 
that ctudents ne(^d to get on the inachine 
quickly. It didn't m&tter much what they 
did there. l£ we are teaching people how 
to program^ it doee matter* Hany students 
take only one course in programnxng and 
use that experience in their £uture 
endeavors. With the increase in small 
business and home computers this pattern 
will Increase. The decision must be made 
then whether these people should merely 
learn ^ progranming language or really 
learn how to program* 

The methodologies described in this 
paper are not difficult to understand or 
teach. They can be included in all elemen* 
tary courses now being taught. If they are 
taught as part of the programming process 
so that students initially learn to do 
things correctly, the quality of program^ 
ming is more likely to improve. 

Teaching all the details of any pro., 
gramming language is of transitory value. 
Languages change, machines change, new 
versions of software are released, and no 
two manufacturers do everything the same. 
But teaching methodology has lasting value. 

Just because a program works doesn't 
mean it's right. What must be conveyed to 
students is that there is more to program* 
ming than just coding. They need to 
develop an appreciation for. programs that 
are simple, elegant, readable and robust*^ 
the kind of program of which Dijkstra 
says, "Ain*t it a beauty!" 
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APPEHDIX 

The following are examples of algo- 
rithms developed by formal methods pre* 
sented Jay David Gries during a five-day 
Introduction to Programming Methodology 
class at the University of California, 
Santa Cruz, August 1979. 

Example 1. Coincidence problem 

Given a function f with M values 
where 

f(0) < fill < ft2) < < f(M-l) 

and a function g when N values where 

glOl < g(l) < gt2) < < g(W-l) 

G0tmt the pairs that are the same. 
For example, for 

f - 3, 5, 8, 12, 15, 18 
g - 1, 3, 4, 7, 8, 11 

the count c would be 2. 

Solution 1» m :« Oj n :» 0? c :» 0? 

do n ^ N a nd m ^ M 

if f(m) < gtn) m m + 1 

0 fOn) > gtnl + n :« n + 1 

d f (m) =* gtn) ** n :=* n + Ij 
m :» m + If 
c :« c + 1 

fi 

od 

The loop invariant is that c contains a 
count of the number of f(i) ^ g(i) where 
0<i<m, 0<j<n* Termination is 
the condition"m « M, provided f (m-1) < 
g(n) or n « N, provided g(n-l) < f(n)* 



*These were distributed at the Program* 
ming Methodology Lecture Series, Ninth Annual 
Computer Science Institute, University 
of California, Santa Cruz, Auquct 1979. 
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Example 2^ Different Values 
Given a function f where 

f(l) < f(2) < f(3)< — — <f(M), M > 1, 

count the number ot different values 
in f(liM)* 

Solution 2, m If c 1 

do m ^ M 

if f (m) = f (m + 1) + m 1= m + 1 

II f (m) f (m + 1) + c 1= c + Ij 
m t» m + 1 

fi 

od 

7he loop invariant is that c contains 1 + 
the number of f (i • 1) j* f (i) for 
1 < i < m and 1 < m £ m» 

The program may be simplified toi 

m If c 1 

do m 7* M * 

m t« m + 1 

if f (m) = f (m + 1) + '^skip" 
(I f (jn) f (m -t 1) c t= o +1 

fi 

o4 
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YOHTBJN 77t liopact on Introductory 
Courses in Progrsmning Using FOSLTRAN 
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ABSTRACT 

A first course in teaching problem solving end 
structured progtaoning using FOET&AN is briefly 
described^ The features of the new FORTEAK 77 
standard which In the author* s view ^pact most 
significantly upon the course are aunmarl^ed^ and 
the effect of those featured upon the structure 
and content of the course tb discussed* 

nflRQDUCnON 

On the third of Aprils 1978^ tlte American 
national Standarda Institute (ANSI) approved a 
new American National Standard for the FORTRAK 
programming language CANSI 78] » This standard^ 
designated as FORTRAN 77^ is a revision of the 
1966 American Notional Standard FOETRAiN* It is 
expected to have a significant impact upon the 
use of the FORTRAN language in a vide variety of 
applications arcas*^ The new language should also 
have a considerable effect upon the use of 
FORTRAK as a convenient language for teaching 
Introductory programming^ since it provides a 
number of significant pedagogic advantages over 
its predecessor* 

The features of FORTRAN 77 that support 
these advantaged are the subject of this paper* 
A summary description^ with examples^ of each 
feature is described^ and the effect of the 
feature upon the structure and content of an 
Introductory course is discussed* Before pro* 
ceedlng to these topics^ however^ an outline 
deLcription of such a course is presented 
<see also CFK 77 and FK 78]). 

COURSE STRUCTURE 

Figure 1 contains an outline of the topics 
covered In the course^ a time scale for these 
topics^ and a list of problems that are 
associated with each topic. The course is 
oriented around a set of two-dozen problems 
which illustrate a variety of problem-^solvlng 
techniques* Host of these problems are solved 
In their entirety^ from the analysis and Initial 
algorithm outline^ throuffh to the final flow 
diagram reflnementa «nd FORTRAN program. 

Each problem is used to lllustrafce the 
application of a new feature of the FORTRAN 



language. The feature will nomtally have been 
Introduced firsts and a brief description of Its 
syntactic form provided. The problem provides 
additional motivation for mastering this new fea- 
ture since the problem solution would be much more 
difficult without it. 

Some of the problems shown In Fig* L emnb;»f:l7o 
skills that are fundamental to progranmilng^ such as 
finding the largest value In a data collection^ 
searching an array Sot a specified item^ and sort* 
ing. Other problems relate to a variety of appli- 
cation areas: business- oriented problems (checking 
account transactions and inventory control) » gomes 
(bowling score computation and Tic-Tac-Toe) ^ 
statistical computations^ computer graphics^ and 
text editing. 

By concentrating on problems that require the 
introduction of additional features of the FORTRAK 
language for a reasonable solution^ the motivation 
for these features becomes readily apparent* Once 
the essentials of the featur^^ needed to solve a 
particular problem are Introduced^ class dis- 
cussion focuses on data description and algorithm 
design* It is occasionally the case that other 
FORTRAN features are introduced as the algorithm 
i developed^ refined^ and finally Implemented. 
The essentials of these features are described^ and 
examples of their use are given^ usually vlthln the 
context of the problem at hand* 

SUHHART OF NStf FEATURES 

The new FORTRAN standard describes two levels 
of the Isngusge; FORTRAN (sometimes referred to 
as Full FORTRAN)^ and Subaet FORTRAN* Whereas the 
FORTRAN subset was previously described In a 
sepsrste standard (American National Standard Basic 
FORTRAN, ANSI X3*L0-L<K6), the description of 
Subset FORTRAN is now Included in the description 
of the full Isnguage^ and the old standard has 
been withdrawn. 

The guiding criteria used in the development 
of the standard were tBRAI 78 ]r 

1* the Inclusion of only those new features 
proven through actual usage 

2. the Inclusion of new features that en- 
hance the portability of programs 
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1-2 



Introduction to computers^ 
programs and prograni- 
Bing languages 

FORTRAN tnd tha basic 
cooptiter operations 

Problca Analyala 
AlgorlttK. developnent 

and reflneoent 
FIov dlagrms 

One and two alternative 

decisions 
VHILE loops 

Compiler role in trana* 
ralatlng atructurea 

Data typea In FORTRAN 
List-directed formatting 
DO loops 

Arltfanatlc axpr ess Ions and 
functions 



Computation of gross .anH net 
salary for one person (the 
program given to students to 
run on the computer during the 
first week) 

Computation of sum and average 
of N Items 



Inventory control^ finding 
largest number^ simulation of 
a bicycle race 



Checking account program^ pr:tme 
nuniber Identification ^ Centi- 
grade to Fahrenheit conversion 



6-7 



Uats and subscripted 

varlsbles 
Searching a list 
Index computation 



Computation of table of fao* 
torlalSj finding an Item in a 
Ilst» frequency distribution of 
exam scores. Table lookup via 
direct computation and search 
arrays 



9-10 

II 
12-13 

14 



BIockrlF decisions struc- 
ture 

Generalised DO loop 
Next Iteration and loop 

exit control 
Nested Structures 

Fitnctlons and subroutines 
Arguaent Hats and global 
data 

Program system charta 

Use of Format Statements 

logical expressions 
Character string processing 
Extracting substrings 
Replacing substrings 

tftiltl-dlnenslonal arrays 
Array Input and output 
Computer art 



Scoring a bowling game» drawing 
a bar graphs sorting an array 



S:tmple statistical package 
Sort /merge package 



Mortgage Interest tables 

General search subroutine^ 
finding parameters of a 
DO loop header^ text editor 
program system 

Matrix inversion^ status of a 
Tlc-Tac-Toe game^ printing 
block-letter patterns^ schedu- 
ling class rooms 



It. Course Outline and Assigned Problems 



3. minimal Increase In language or processor 
complexity 

4. avoidance of features that conflict with 
the previous (1966) standard ^ 

5. elimination of features In the 1966 
standard only under clearly demonstrated circum- 
stances 



6. production of a more precise description 
of the language* 

The new standard describes programs written 
In ^TRAK 77^ and not the processors (such as a 
compiler or Interpreter) of these programs. The 
Implementation of a atandard^'conformina processor 



ERIC 



us 



structured Programming 105 



Is CO be Inferred trom the standard. The scandard 
Is CO be Interprficed Ae» specifying only che mlnlnuini 
rfiqi:irenenta of the language* Thus a scandard-con- 
forming processor for cha language muac be able co 
handle all etandard*c^onilng prograna according 
to the ruljae oC the standard. It ma^. In addition, 
however, have extensions for featoras such aa bit 
■anlpuladon or arre^ processing that are not 
44>«clfled In the language. It Is then che decision 
of the user Whacher or not to conform to the 
atandard When wrlclng a progron. Of course, 
atand^rd-conforsiing prog^ranis usually will be 
porcable co all machines supporting a standard- 
conforming compiler; non^scandard programs may 
not b« as Portable. 

This section contains a list and description 
of the new features of Full ?ORTEAN Which affect 
nost significantly the lncro<Iuctory course just 
d^a^rlhed. Those featurea dlscuased that have not 
bean Included In the subset are so designated. 
9aers of sysceiaa noc supporting the full language 
should make adjustments as appropriate In the 
currlculiv changes suggested In the last section 
of the papar. 

The relevant feacures of Full FORTRAN are 
listed In Table 1 and stimnarlzed In che remainder 
of this section. The material presented Is In no 
vay intended as a complete description of these 
features} In fact* Ic barely scratches the surface. 
Additional examplea and detail may be found In the 
Btelnerd paper and In FOKTRAN 77 Introductory 
prograitnlng texts (see [BH 76], and [HH 79]). 

TABtE 1 

mi FORTftAn 77 FEATURES HOST RELEVAKI! 

TO iNSTRimOH IN IHTRODUCTORY PROGRAtfiaUG 

1. The character data type 

2. tlsc*^lrecced formatting (not In the 

subset 

3. The blocK-IF <lf-then-else) decision 

struccure 

4. Generalized form of the DO 

Statement 

5. Arrays 

6. Expressions: the FARAMETER Statement 

end mlxed*mde arithmetic 

7. The SAVE atacement. 

Farhaps the moat algnlflcant change In the 
standard Is the addltlnn of the character data 
type. Which nov replaces the HOllerlch type. 
It was the uss of the Hollerith type that made 
Mny FORTRAN programs difficult to understand, co 
check out, and to transport' from one computer to 
aoocher having e different size storage cell. 
OUthough che Hollerith typs Is no longer In- 
cluded In the standard. It Is expected chat mosc 
major manufacturers will continue to support this 
feature In chelr FORTRAN 77 proceasora) . 

Some examples of the declarations of characcer 
variables end arrays are: 



CHARACT£R*120 BUFFER 
CHARACTER CARD (60) , ITEM 
CHARACT£R*10 FHAME, INITLS ^"^l* LNAME 

The length of each character variable and array la 
fixed by the declaraclon scacement. In chls 
example, BUFFER Is declared aa a character string 
of length 120, «hlle CARD Is taken to be an 60 
element array of character strings of length 1. 

Character constants consist of strings of 
characters enclosed In apostrophes. Characcer 
verlables and array elements may be given values 
che same manner as other typed elements In FOBTRAN: 
chrough the use of READ, assignment, and DATA 
statements. For example, the stacemeots shown 
belcfw all have the effecc of assigning che string 
IVOKY JOE to che variable FNAME, as previously 
declared.. 

READ {m-10, mT>5) FNAME 
10 FORMAT (A) 



In 



Input Card 



IVORY JOE 



*JOE* 



FHAME - avORY' // 
FHAME - *1V0RY JOE* 
DATA FNAME / 'IVORY JOE* / 

The READ statemenc lllustratea the use of 
specifiers for format and unit numbers. Other 
in^t /output specifiers (for end'O^flle^ error 
conditions^ etc.) are also allowed (see [MO 60]). 
The old form 

READ (10, 5) FNAME 

la still permitted with the expected caveat that 
the flrat Item listed specifies the unit number and 
the second, the format number.. The use of FHT and 
UNIT have the added advancage of allowing order- 
Independent list speclflera In an Input/output 
statement. 

The use of the A descriptor by Itself In a 
fotoat Is also new to FORTRAN. When che length of 
the element to be transmitted la not specified In 
the format. It Is taken from the declared length. 

The statemenc 



FHAME - 'IVORY* // *JOE* 



Illustrates The use of the character atrlng concate- 
nation operation. Substring and string comparison 
operations ere also permitted In FORTRAN 77^ as 
well ss Intrinsic function opuratlons for determin- 
ing string length and for character^tomlnteger and 
Integer-'to^character conversion. Uaer^deflned 
charecter functions are also permitted In FORTRAN 
77. (The FORTRAN 77 Subaet does not support 
concancenatlon, subscringSf or character functions). 

2 -Llst-Dlrecced Formatting (Not available In the 
StibsetJ 

The new FORTRAN standard permits the uae of a 
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mt«t««nt label, an Inttger variable that ^ been 
aaalsntd a labelt a chatactet expteasloa, or an 
aatetlak for the deelsoatlon of a forvat. Pot 
exanpla, statCMAt lists !)> 11)* ill) atul Iv) ate 
allowed Itt FORTRAN 77 and produce Identical 
reaulta. 

I) WRITE (6, 150) 'SDH - N * (N + 1) / 2 
ISO FOIIHAT (A, 16) 

II) A&ZIGH ISO TO LABEL 

WRITE (6, LABEL) 'SUM - *, tl * {N + 1) / 2 
ISO FORMAT (A, 16) 

III) CHARACTER F0RM^6 
FORM « *(A, 16)* 

WRITE (6, FORM) *SOM - N * <K + 1) / 2 

Iv) WRITE (6, '(A, 16)' 'SUM - tl * (» + 1) / 2 

An afitatlak Is used to specify 1 let "directed 
forpat_tlng , as determlnad by the Input/output 
list, the ptoceeaor, and the for» of the data. For 
Input, the type of each data Item Is detemlned by 
the FORTRAN system {rather than a user format 
description). Additional information, such as the 
position of the decimal point In a real number la 
also determined In this toanner. Data Items may 
be sepsratt^d from one another using blanks or 
as. 

Given the card 



'219-40-0677' 
The statements 
REAL RATE 

CHARACTER SSMOAll, HAH£*a4 
IHTBCER tiOURS 

R£AD«, SSNO, NAME, HOURS, RAT£ 
would pi^oduce the follofwlng result: 



LITTLE LOOT' 80 1.35 



S5N0 



h9-l6-6iii LITTLE lOOl 



HAHE 



HOURS 


RATE 


80 


1.35 



As shown, character strings read via llet-dlrected 
formatting must be enclosed In apodtrophea^ the 
four data Items shown In the card are separated 
from one another by one or mote blanks. 

in llst^dlrected ontputt the widths of the 
fields used to print the listed elements are 
determined by the type of the element and the 
procesaor. The width of each character string to 
be pointed is determined by the declared length 
of the string. However, real and integer data 
are printed In fixed-width fields regaxdleas of 
the magnitude of the value to be printed; the 
field widths ate pte^determlned by the processor 
and are normally not alterable by the pi^^S^ammer. 

3* Tha Block-IF Declalon structure 

The block-IF structure will cons Ide rab ly 
reduce the reliance upon the GOTO and the label 
In FORTRAN ptograaning. This structure) with 
appropriate code Indentation, can greatly enhance 
the readlblllty of programs written in FORTRAH 77. 



The logical fttnction FRDfL shown in Fig. 2 (see 
CRRAI 78] provides a good illustration of the use 
and advantages of the block^IF. 

LOGICAL FUKCnOH FRIHE 
INT^ER N, DIVISR 
IF (N .L£. 1) THEH 

FRIME « .FALSE. 
ELSE IF (*1 .EQ. 2) THEN 

FRIME <- .TRUE. 
ELSE IF (tlOD<N, 2) .EQ. 0) THEN 

PRIME - .FALSE. 
ELSE 

DO 10 DIVISR 3, INT(SQRT<KEAL<fl)))> 2 
IF (HOD (N, DIVISR) .EQ. 0) THEN 
PRIME * .FALSE. 
RCXURK 
ENDIF 
10 CONTINUE 

FRIME ^ .TttUE. 
ENDIF 
RETURN 
END 

Fi ^. 2t An Illustration of the Block-If Structure 

This function shows the use of the Block-IF 
In implementing a decision structure with four 
alternatives, and a decision structure having one 
alternative (inside loop 10). A two-^altetnatlve 
Blockrif may be implemented In the form 



IF (condition) THEH 



if condition is tme statement 
sequence executed 

if condition is false statement 
sequence executed 



ELSe 



EWPIF 



^* 4enera l lz«d Form of the DO looo Statem etit _ 

The previous sample also illustrates the more 
general DO loop feature provided in FORTRAN 77. 
The form of the FORTRAN 77 DO loop header state- 
ment is: 

DO sn loopvar * axpl, exp2, exp3 

where 

1) expl, exp2f and exp3 represent the 
Initial, terminal, and step value expressions 
respectively 

11) explf exp2, and exp3 may be any integer* 
real, or double precision expression having positive 
negative, or (except for exp3) zero values (the us^e 
of exprjKssions is not permitted In the Sid>set) 
ill) Loopvar may be any Integer* real, or 
double precision variable 

iv) an optimal comma is permitted after the 
terminal statement label* sn. 



Il7 



The nunber of tines DO loop la execute 
is called the trfe ^cnmt ^ The trip count specified 
by th« pr0Vlou8ly described loop header Is computed 

SB 

MAX(IKT<v2-vl + v3)/v3),0) 

Where vl* v2, and v3 ere the valuea of the expres* 
slons explf exp2, and exp3 reepactlvaly, and IKT 
truncates the reeult of the expression argunent 
If It Is not an Integer value* The following 
relationships must hold between VrU v,2 and v3: 

vl < v2 and v3 > 0 
or 

vl > v2 and v3 < 0 

If the value of the trip count la not positive, the 
loop will not execute at all. It is iAkportant to 
note that this is contrary to the convention 
adopted mtsy processors based upon the previous 
standard; that loops were executed et least once 
regirdless of the values of the loop parsneters* 
The previous standard did not specify what was to 
ha done for loops written with an Initial value 
exceeding the temlnal value at loop entry. Xtie 
change will not effect the execution ^ progrma 
that were written in accordance with the previous 
standard^ Vut it may effect those that were 
written in violation of the standard. 

5 *Arrays 

The Full FQKEHAll language defined in the 
atsndard provides three major changes from the 
previoua standard; 

1) arrays may have up to seven dlBenaloas 
a) the specification of a lower subscript 
bound is allowed 

ill) subscripts In an array reference may be 
any int^er expression <see also, section &* 

Items 1) and 11) above, are not pecnltted In 
the Subset. 

The specification of the lowr subscript 
bound la indicated through the uee o£ a colon, as 
In 

REAL JL i'ZtSi 

which defines a nlne-elenent array X with elements 
X(-3), X(-2)...X(0>...X<5). If the lower bound 
ia onittedf it Is asauoed to bs one* 

6-Btt>resslonsi Tto »^Mprefr KM^m^tL and Ufacad 
Hode Arithmetic 

There are several places in the new FORTRAN 
in -^idh expteaslona are permitted where only 
constants, verlablest' or teatrlcted forms of e^ 
prasaloni vera previously ellowed. For exsaple, 
expressions are now allowed in outpnt atataownts 
<see 1. bel;»)» as subscripts (il), aa array 
dlfflension bounds (11), and as Indaxed-DO pare^ 
meters (see section Ah Some exsmples ere 

1) WRITE (6, 130) <$UK H*0lH^D/2 
10 IHTBGER SXZSf I> J> K 
FAItAHBTER (SIZE - 10) 



REAL X(2^IZB) 

JMh (Xa), I ■ 1> SIZE) / SXUH) / 
WRITR (I, *) X(6*K-^I) 

Exsmpls 11) illustretaa the uoe the FARAWm 
atatamentf which la used to ettach e eyitelic asms 
to a pTOgtsm conatant or peramatar. (The FAIAMRCR 
ststament is not included in the Si^tt). If tba 
sysibollc nM la not of tba dsfsiat Implied type, 
ita typs muat be spscified before its eppaarance in 
s FARAHETER sUtamant. Bkpraasiooa are pamittad 
to the right of tba equal syabol> but they may 
contain only conatants or pravloualy defioad 
symbolic constanta. 

gyabollc constants may be uaed in aacpraeaioma 
in tba aama ««j aa varlablaa. Thay msy, in mddl* 
tlon, be uaad in apeclflcatloo and OUA atatsmanta 
in placaa wbare only caoatanta bad beam pfSftoualT 
allowed. Such uaaa are illuactetad to lloas 3 and 
4 of Example 11), ifhera tba aF»bolic oomatamt 8IEE 
is uaad where only conatants ware pravloualy 
allowed. 

Example 11) also illuatretea tba use of tba 
laplUA'VO in e DATA atatamtnt (not allowad in tba 
Su^aat) and the genaraliiatlon of tba form of aUb*- 
scrlpta allowad in fOilRAII 77 • Ai^ intager sat* 
ptasslon may be uaed to apadfy e aujb«ctlpt» 
provided the value is within the bovmda apaclf lad 
for the corresponding dimanalon in tba array 
declaretlon. (The standaT4 limited aUbaeript 
apeclflcatlon to eapreaaiona of the focm 



where C^, were intager cenataata» and V waa an 

Integar variable). 

With regard to tba formation of aipraaaiona, 
the major difference between tba 1966 staodard and 
the new ICttRAH la tba Indnalon of mlwad-mnda 
arithmetic. Bitatar» raalt dowbls praelalon, and 
cemplas operands may appear in arltbmatlc ampraa- 
alons except that double praelalon aad eo^»lax 
opataoda may not appear in tbw aama as^faaalon. 

Tba type of an axpreaalon la detaaemlaed by 
atamlnlng oparaod*operator*oparaod triplaa***tba 
type of the raault of each triple la datacmlnad hf 
the type of tba two oparanda Involved, for sat* 
ample. If R, X, and J are intes«ta» and X«5> J'2> 
then tba result of the evaluation of tba stetemsnt 
R ' 2.5 I/J 

is 4, aa dstarmlned aa follcmm: 

1) divide I/Jf since 1-5 and >2 are both 
intagara* tha raault of this divlalon la an 
intager, 2. 

11) add the reel value 2.5 aod tba intager 
2; aincs 2.5 la real* tba result of tba division 
la first convarcad to reel prior to addition iriddi 
then yielda e result of 4.5. 

ill) tha reel result 4.5 la aaalgfiad for the 
integer veriable R, raattlting in tba actual aaalgnr- 
meat of the truncated value 4. 
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7 -The SAVE Statement 

Contrary to what a otnibar of PQRTRAK uaars hava 
become accuataaed to^ there la no requtremant In 
either the 1966 atandard or the new ataadar4 to 
retain the valuea of local variables In subprograms 
fron one execution to the n«xt. Ihrograats written 
under the eaauotptlon that local varlablea were 
saved were non-'atandard and would not execute 
correctly on all piroccsaara. 

While aavlng the Value of local variables In 
subprograsa used to be rather ctttberaove* the 
FORTRAN 77 SAVE stateneat can be used to simplify 
this process* For example^ a aoiall subprogram to 
increment a counter and check for overf low might 
appear as follows: 

SUBROUTINE BUHPIT 

llfTSGHR MAXVAL 

PARAllETER (MAXVAL « 100) 

INTEGER COUNT 

DATA COURT /O/ 

^VE COUNT . 

COUKI - COUHT + 1 

IF (COUHT .GE. MAXVAL) THEK 

PRINT** 'COUHTER EXCEEDS MAX VAtUE OP \ MAXVAt 

PRINT** * COUNTER RESET TO 1.' 

COUNT * 1 

REIUUN 
EHDIF 

re::urn 

EKD 



The SAVE stateoient causes the value of COUNT to be 
saved between calls to the subprogram BUHPIT. 

IMPACT OF NEW FEATURES UPON INSTRUCHON 

Only a few of the new features found In 
FORTRAN 77 have been described In the previous 
section. As Indicated* the list Is restricted to 
those featurea i^lch are felt to have the greatest 
linpact upon Instruction iP Introductory prograoDing 
coursea using FORTRAN. Yet of the features dla- 
cuased* only three* the character data type* the 
Block-I? structure* and llat-dlrected formatting 
have substantially contributed to major changes in 
the structure and content of the course. Of the 
remaining features* the generalized 00 loop 
(Introduced In week 8)» Inplled^-DO In a IIATA 
statement (weeks 6-^7 )» additional flexibility In 
the use of expressions (apread throughout the 
course)* and the additional array features (week 8) 
are creatures of Increased convenience having onl^ 
a minor impact upon the course. The SAVE atate'^ 
ment (weeks ^10) la a feature that Should be 
understood b^ all atudenta working with subprograms* 
but It has no othe r impact upon the couraa. 

The PARAHETER atatement (introduced In week 4) 
provides a vehicle for discussing the notion of a 
program parameter (u opposed to an ln**lina con- 
stent). this statement provides a convenient means 
for a progrmomer to attach a ana to a constant 
value (programmer parameter) that has 'special pro* 
gram significance. A value representing the maxl'^ 
mum sl^e of an array la one'^cample of a program 
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parameter. Other examples are Illustrated In the 
sample program shown at the and of the papari 

In the view of this author* mlxed^ode 
arithmetic offers no advantage to the student In an 
Introductory course. On the contrar^t the use of 
ml3ced<-mode expressions requires additional care and 
a more aophlstlcated understanding of expression 
evaluation than le desirable or even necessary 
at this level. The automatic type con- 

Version required by the mlxed^ioode expression 
provides ver^ little programming convenience and 
has the added disadvantage of being hidden from the 
user.. The use of the t^pe conversion functions 
such as INT (real^to^ Integer with truncation)* AINT 
(real-to-nearest Integer)^ and REAL (Integer-to-^ 
real) In avoiding mixed^mode. arithmetic should be 
encouraged. 

It Is perhaps not too surprising that the 
character data type* Blocfc-^* and llst-dlrected 
formatting have had the oost Influence upen the 
course. For* as an analysis of the course struc- 
ture outline Indlcacea* the major emphasis In the 
course Is upon problem solving* rather than the 
detalla of the PORTRAN language. These three fea- 
tures make It even easier to concentrate on 
probleft-aolvlng techniques and algorithm develop- 
ment* with less emphasla upon the language 
ImpleoKntatlon considerations. Vet each contrib- 
utes to this effort In a different wa^* 

The character data type makes It possible to ■ 
Introduce the coticept of a character atrlng* and 
the reading* printing* and comparison of strings 
at a Very early stage of the course. For example* 
character atrlng constants are used In list* 
directed output atatementa aa earl^ as week 1, In 
order to provide deacrlptlve labels or headers for 
the values printed b^ the flrat program run by 
a student. B^ week 4* the student Is reading and 
printing character strings using llst-dlrected 
formatting and simple character string comparison. 
During veek 4* data types are discussed In details 
and a more formal presentation of the chsracter 
txpe Is glVen. Finally* b^ weeks 12 and 13* 
students are writing programs requiring the use of 
some simple but fundamental string operations such 
aa aubstrlng extraction* comparison^ Insertion* 
deletion* and replacement. Most important* all 
work Is now done In a totally machine-Independent 
fashion^ without the pravloua requirement of having 
to atore data of one type (character) In a memory 
cell of a different type (real or Integer). This 
latter feature has the added advantage of providing 
additional complle-tlme checking for data type and 
operator consistency* 

The Block-IF structure eliminates most of the 
need for GOTOs and labels In the Implementation of 
algorithms In FORTRAH 77. The only remaining GOTO 
needs now can easily be restricted to Implementa*^ 
tlon of the WHILE loop atructure and loop exit and 
next Iteration atepa. The Block*-IP makea It 
possible for Instructors and students to concen'^ 
trate on the apeclflcatlon of decision steps In 
terms of the tasks to be acconpllshed and the 
condltlon(a) of selection* without concern 
detalla of using labels and GOTOs. The resulting 
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iaplMABtatloA is not otxly Aaeler yrlte* hit alao 
tflsler to understand and far leoa aubject to error* 
Thia point la perhaps beat Lllastrated via one 
poaslble rewrite using GOTOa dod laibels of the 
executable portion of the function FUME (aee Tig* 

IP (K »Gr» 1) GO TO 1 
PRIME - ,PALSE» 
RSrtJRH 
t IP <K .HE* 2) GO 10 2 
PRIHE 
RETURN 

2 IP (HOD(li, 2) ^NE* 0) GO TO 3 

PRIME - .PALSE. 
R£IURN 

3 MAX « IPIX(SaRT(FLQAT(H))) 

DO 10 DIVISR - 3, MAX, 2 

IP (HDDdl, DIVISR) .HE. 0) 00 TO 10 
mHE - .FALSE* 
BETUItH 
10 CONTINUE 

PRIME ■ .TRirn^ 
RETURN 

Pl8^3; The Function PRIME Vlthout the Block-IP 

Even with Indentation, the logical atructure 
of thla code la obfuacatad considerably because of 
the GOTOS and labela* 

The single and double aXtamatlve forms of 
the blocl^XF are Introduced during weak 3 of the 
courae* and the general fotm la presented during 
vtak 8* If thla tlaa, homvar, students hAve been 
doing considerable prograiMingf using the GOTO 
only for tha Ijaplenentatlon of the WHILE loop 
structure* (Even this use could have been avoided 
bad the fORTRAN 77 atai^ard contained a IffllLE^llke 
loop structtira In which the repetition condition 
could be specified In the structure header)* 

Another advantage of the blocb-XF Is Increased 
aiailarlty in the structure of atudent ^grams* 
Studenta (and Instructors, too) ere now better able 
to understand the progra&a of others and to aaalat 
In checkli^ out and correcting prograns that fall* 

Pinally^ there Is the ouitter of llst^dlrected 
foraattlng* List-directed foraatting allows the 
Instructor to delay conalderably any discussion of 
one of the »ost detailed^ unplaaaant features of 
the FORTRAN language » fonuta* Hblla It is true 
that formats are an Important feature of the 
fORTRAN language f end should not he overlooked* the 
study of formats contrlbutea little to atttdant 
aaatery of the fundamentals of choosing data 
attuctures and designing and implattentlng 
algorltlhns* It is for this raaaon that formats 
have been delayed until week 11 of the couraet 
after tba presentation of subroutlnea and functions 
is complete* It Is indeed a shame that the Hat- 
directed formatting feature Is not Included In the 
dubset* It la hoped that most Subsat Implemaotors 
will view It as top priority for aupport In their 
processors 4 

In tha course^ llst*dlr«cted formatting is 
Introduced I0 tha first prograoi given to atudants 



to prepare and submit for computer entty^ The 
capabilities of the llat-dlrected feature are then 
alowly expanded Informally throughout weeks 2 
throD^ 4 until flnallyt In week 5, it Is 
formally dascrlbedtand a brief overview of how It 
works Is presented* Exclusive use of list- 
directed formatting in all problems studied and 
assigned Is then continued until week lU 

GOHCLIIDniG COmENTS 

Of all the new features of PORTRAN 77, list- 
directed formatting provides the greatest added 
convenience to Instructors of Introductory 
programing courses (be they In PORTRAN, BASICt 
PASCAL, or any other language)* The block- IP and 
character features are not far behind In this 
raapact* But llat-directed formatting allows 
studttits to begin to do Input and output 
iMediately, and to contimie to do even slightly 
aophisticated Input/output throughout the first 
ten weeks of the course (Including the study of 
subprograms) without the added complication 
Introduced through tha use of formats* 

The following program (Fig* 4) Illustrates 
the use of llat-dlrected formattlngt the character 
data type, the block-IP structure, and the 
PARAMETER statement* Arraya are used In the pro-* 
gram only for lUustratlonf not because they are 
required* The program was run on a Control Data 
Corporation Cyber 174 tislng tha Vnlvarslty of 
Minnesota FORTRAN compiler, H77* For the example 
Input entries show below 

6 

'Big Blrd^ 5 
^Hlckecy Mouse* 2 
^Karmlt T* Prog* 6 
*Aca Bandage* 95 
'Caimtna Burana* 7 
'Hlsa Piggy* 9 



tha generated program 


output 


Is: 


NtMBER OF EKAH SCORES 


IS 6 




NAME 


SCORfi 


RATING 


r^JG BIRD 


5 


SATISFACTORY 


HIGKET WQSE 


2 


TJHSATisPAcroar 


KERHtr T* FROG 


6 


SATISFACTORT 


ACE BANDAGE 


95 


INVALID SCORE 


CAXHINA BURAKA 


7 


SATISFACTORY 


MISS PICGt 


9 


OUTSTANDING 



THE NQHBER OF OUTSTANDING SCORES IS I 
THE NUMBER OF SATISFACTORT SCORES IS 3 
THE NUMBER OP UHSATISPACIORT SCORES IS 1 



THE NUMBER OF INVALID SCORES IS 1 
REFERENCES 

CANSI 783 American National Stai^ard Frogramming 
Lanauaae FORTRAN^ American National 
Standards Institute* New York, 19784 

CBRAI 7B1 Bralnard^ Walter S^ et* si*, '^FORTRAN 
1V\ CACM (21, 10), October 1978, pp. 
d06-2O. 
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C FBOGRAH 10 PROCESS A SET OF EXAH SCORES Ri\NCIHG BETWEEN 0 AND 10 

C AND CLASSIFY AGCORDIHG 10 OUTSTAKDING (8^10) » SATISFACXOeY (A^7)t 

C OR POOR (0-3). COHPUTE AND FRItIT FREQUENCY COWXS. 
C 

C FRANK L* FRIEDMAN 12-9-79 
C 

IKTBGER HIHOUr, HINSAT, HIKSCR, tWCSCR 

varaheter mmn - 8, mNSAx - a, mnsca - o, mxscR - lo) 

INTEGER HAXCKT 

PARAMETER QttXCNT - 100) 

CBARACTER*24 NAME OfAXCNT) 

INTEGER SCORE (MWCCNT). N, II, I 

CBARACTER*20 RATING 

INTEGER OUTMR, SATKR, UNSNR, ERRCNT 

C 

C READ AND VALIDATE N 
BEAD*, N 

IF (N *GT* 0 ,AND* H .LE^^HAXCtH) THEN 

PRXHT*, 'NUMBER OP EXAH SCORES IS H 
ELSE 

PRINT*, 'NUMBER OF EXAH SCORES IS NOT VALID, MAX IS ', HAXCHT 
PRINT*, 'PROGRAM TERMINATED* ' 
STOr 
ENDIF 

C 

C READ DATA 

DO 20 II « 1, N 

READ*, NAHE(II), SCORE (II) 
20 CONHNUE 
PRINT*, ' * 

. FRINT*, KAHE SCORE RATING' 

C 

C PROCESS EACH RECORD* DETERMINE AND FRINT RATIHG ALONG VXTH 
C NAME AND SCORE. INCREMENT APPROPRIATE COUNTER. 

OUTNR ■ 0 

SATNR - 0 

UNSNR " 0 

ERRCNT ■ 0 

DO ^ I - 1, N 

IF (SC0R£(I) .LT. HINSCR *0R* SCORE (I) .GT. MAX5CR) THEN 

RATING ■ '*** INVALID SCORE ***' 

ERRCNT ■ ERRCNT + 1 
ELSE IF (SCORE (I) *GE. MINOVT) THEN 

RATING " 'OUISXAHDING' 

OUTNR ■ OUTNR 
ELSE IF (SCORE (I) *GE* HINSAT) THEN 

RATING - 'SATISFACIDRY' 

SATNR - SATNR + I 
Et^E 

RATING - 'UNSATISFACTOKT' 
UNSNR » UNSNR + I 
EHDIF 

FRINT*, NAHB(I), score (I), ' RATING 
AO CONHNUB 
C PRINT COUNTS 

PRINT*, ' * 

PRINT*, ' THE NUMBER OF OUTSTANDING SCORES IS OUTNR 
PRINT*, ' TEE NUMBER OF SATISFACTOB:? SCORES IS \ SATNR 
PRINT*, ' THE NUMBER OF UHSAIISFACTORT SCORES IS IINSNR 
PRINT*, ' ' 

PRINT*t ' TEE NUMBER OF INVALID SCORES IS ', ERRCNT 

C 

STOP 
END 

Fig. Ai SttttpU FORTRAN 77 Frogrw 
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USING HODBL-BASED 
INSTRUCTION TO TEACH 
PASCAL 

Dogdan Czejdo 

Warsaw Technical Univ. 
Brigham Young univ. 



1. INTItODUCTlON 

in this paper we introduce the concept 
of model-'based instruction, first defining 
"model" and then presenting a simplified 
view of the inodeling process. A way of 
classifying models is presented, and a 
process for preparing a set of complemen-- 
tary models for use in model-abased xnstruc" 
tion along with the characteristics of 
this type of instruction. The paper then 
concludes with the application of model- 
based instruction to computer-assisted 
instruction. 



II. THE ROLE OF MODELS IN TEACHING 
is definec 
to be a*: 



A model is defined in Webster's Dic- 
tionary tj-- 



1. copy, image 

2. pattern of something to be madv 

3. archetype 

4. description or mnalogy used to 
help visualize something that 
cannot be directly visualized 

5. system of postulates, data, and 
inferences presented as a s;athe- 
matical description of an entity 
or state of affairs 

For the purposes of this paper, a model 
is defined to be any diagram, table, pic- 
ture, or figure which help.^ the student 
to understand and remember a' concept or 
perform an action which is a part of a 
set of teaching objectives. As shown by 
research in a variety of teaching areas, 
models play a very important role in the 
learning process. 

A sin^Iified view of the modeling procoss 
in learning is represented in Figure I. 



* We have chosen a subset of meaning 
which corresponds with the meaning 
of model in our paper. 



-Tntul 



The internal models students created in 
their jm minds ^IIow them to understand 
and remember concepts and perform pre* 
scribed actions. The students may create 
these models on their own (transformation . 
Il) based on descriptions provided in text^ 
bo6k^ and lectures. Alternatively^ the 
internal models used by the student may be 
based on external mod<%Is (transformation I3) 
already created by the textbook author or 
lecturer (transformation I2). 

The creation and use of internal models 
is a complex psychological process which 
will be mentioned only briefly here. Xt 
should be recognized th^t the creation of 
models by the student is a difficult and 
time-consuming task. During lecture, there . 
is usually insufficient time for the student 
to formulate suitable models on his own. 
The fuzzy and incomplete models that may 
come to mind are soon forgotten because they 
are not strongly impressed on him through 
reinforcement by the teacher or by his own 
performance. 

Indeed, transformation Ij is difficult 
for the student for a variety of reasons. 
The student may be untrained in the crea- 
tion of models or have a weak imagination. 
Because of an incomplete understanding of 
the full subject, the models he creates 
may turn out to be unsuitable. Unlearning 
nn initial model and relearning a more 
<i«!^quate model may be very difficult. 
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For all of these reasonsf it is imiportant 
for the teacherf and in particular the com-* 
puter science teacherf to pay careful atten-* 
tion to the subject of models and to provide 
the student with useful external models. 
(In the rest of this paperf the term **modeI** 
will refer. to external model.) 

in. TYPES OF MODELS 

A wide~^arle€y of models have been 
examined and evaluated for potential use 
in teaching PASCAL programming. These 
models have been drawn from several text"- 
books (3/ 5) and have also been created by 
the authors of this paper. Hhat constitutes 
the model and the object to be modeled 
depends on the point of view of teacher and 
student. A computer program/ for example, 
is often a model of some reaI-*worId activity 
or process. However/ in the context of this 
paper/ the computer program will be considered 
to be the object to be modeled. 

One of the best ways to classify models 
is by their structure. Six basic structures 
have been identified; 

- graphic 

- array 
mathematical 

- text 

- compound 

- parallel 

Most of the models wa use are graphic 
structures* four of which are levels, trees 
XBIerarcHIes) , networks* and domains. Levels 
and tree structures can be described using 
the example of an interactive language. On 
the microcomputer systems used by the authors 
in their introductory PASCAL course* there is 
an interactive command language which is inter- 
preted by a system monitor or operating system. 
Sach user starts at the command level. By 
typing an "E^^ the user can go to the edit 
level. To return to the command level from 
the edit level, the user can type a "QU" 
sequence. Figure 2 shows simple level struc- 
ture. 



Command level 



Edit level 
Figure 2. Simple Level Structure 



tevals are represented by horizontal lines. 
The transitions are represented by labeled 
vertical lines. Figure 3 shows a simple 
tree structure. 




Figure 3. simple Tree Stiructure 



Each circle represents being in a parti- 
cular state (at a particular level in this 
case) . 

It should now be obvious how one can com*- 
biiie elementary submodels into a more com- 
plex structure. In Figures 4 and 5, a 
more complete model of an interactive lan- 
guage is drawn using the level and tree 
structures of Figures 2 and 3. 



Command level 
Edit level 
Insert level 





E 


i 






<etx> 



Figure 4. Level structure 





Figure 5. Tree Structure 



The root or first level is drawn at the 
top oi the figure but, of course, the 
reverse option is also possible. In the 
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tr«* mo^mli mch mtmtm has at «ott one 
**IMir«nt** tt«t# Mklng it « ttrlcUy hlar* 
arthlcal ttructtira. if thlt rastrlctlon i« 
r*lax«d, « Mtwork »tnictur« ruults. An 
•mnpla of % natwork sttttctur* it tha ayn*^ 
tax dia9ran in figure 6 for a B£Glit*EHD 
block; — 



/ — 0 — \ 

>-) (^<>tate»ant>>^ EMD ) — > 



Flgura 6* 
Synta^f Diagram for BSGlit*ENO Block 

Anothar axai^>la of uetwork atructure la 
tha nodal of tha TERAK coiqputar shown in 
Plgura 7* 



Monitor 



Keyboard 



CFU 



Dlak Mawory 



CPU Hmory 

Pigura 7* 

Model of rioif of infomatlon in 
Kinicoiiptttar TERAX 



tha tree and natwork ttructurea consist 
of nodaa latataa) connected with directed 
Unas, tha final gra[»hic structure to ba 
diaeussad in this pAp«r, tha diomaln* con- 
sists of a sat of areas ^ich either over^ 
lap or are disjoint, figure 8 illustrates 
a aivpla axaapla of a domain structure that 
is a nodal for teaching the Boolaan opera-* 
tions ORf HOT, and AND* 




figura 8. 

Oofiain Structure Model 
for Taacbing Boolaan Operations 



There are* of course* a wide variety of 
other graphic structures that might be 
useful in other fields of learning. 

A second of structure is the array 
structure ^ A simple one-dimensional array 
Is often called a list, a two-dimensional 
array is a matrix. Array structures find 
their greatest utility in modeling computer 
memories (core* disk, etc*) and in repre- 
senting data, see Figure 9 for an example 
of an array structure which describes the 
name, type* and value of PASCAL variables i 



PASCAL Variables 



Heme 


Type 


Value 


count 


integer 


43 


surname 


string 


Jones 


Pt 


real 


3*14 


alpha 


character 


6 


condition 


boolean 


true 



Figure 9. 
Hame/Type/Value Model 



ttathematical structures constitute a 
third, type of model structure consisting of 
a string of symbols (letters* numbers^ 
mathematical operators* etc*)* Figure 10 
illustrates one type of mathematical struc- 
ture* the Backus Honoal Form model* It is 
an alternative model for the ^ame BEGIH-EHD 
block as described by Figui'is 6* but with a 
more mathematical flavor. 



^bIoc)c>tt«BEGIH <multi-stat> END 

<multi-stat> t : s<statement> | <multi-stat> j 
<9tatement> 

Figure 10. 
Backus Normal Form for BEGIH-EHD Block 

For completeness, we add a fourth type* 
the textual structure * which is nothing but 
text in.naturai language* An article* 
letter* or book all contain such structures 
We introduce this type of model here* not 
because w want to study books as textual 
structures* but because we want to alloj^ 
textual structures as small components of 
larger models* 

Having introduced various types of 
structures* we are now in a position to 
describe compound structures * A coinpound 
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structure i& one that is conqposed of several 
types of substructures For examplet it is 
possible to combine two types of model struc- 
tures (array and graphic) into one compound 
ntodel as shown in Figure II. 



VAA gt ttrtivar 
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The last, and probably the most signifi- 
cant, model structure to be described here 
is the parallel structure . A peirallel 
structtire is similar to the compound struc*- 
ttire in that it consists of a collection of 
several more elementary models* However, a 
parallel structure differs from the com^ 
pound structure, as the sub-models within 
the parallel structure remain distinct and 
physically separate, related only in that 
they represent coioplementarv aspects or 
features of the same real*wrld object. 
The advantage of several parallel models 
over one confound model lies in the sim- 
plicity that can be retained in each comr 
plementary sub-model while at the same time 
representing all the necessary features of 
the system. 

For exai^ple^ the models in both Figures 

5 and 7 represent certain features of the 
TERAK microcomputer. Figure 5 illustrates 
the steps necessairy to have the computer 
perform certain actions, while Figure 7 
shows ,the flow of information within the 
system. Thus, the^e two models form a 
parallel structure. Another ejfample of 
parallel structure is shown in Figures 

6 and II. Figure 6 depicts the syntax 
of the PASCAL language (in a sense, the 
steps or actions in progranvning) while 
Figure II represents the computer memory 
(information flow) associated with a 



PASCAL program. Thus, a parallel structure 
consisting of One model to represent the 
information flow and another to represent 
the human performance (operator actions) 
seems especially appropriate and of general 
applicability. 

IV. EVOLVIMG PARALLEL STRtJCTtJR BS 

Effective teaching of a complex model or 
of a set of parallel models involves a 
series of steps lessons. The models 
upon which these lessons are based must be 
carefully selected and designed so that the 
student*8 tmderstanding grows in a smooth 
and orderly way. This process suggests a 
family of closely inter-related models 
culminating in the final parallel structure 
which has been selected to represent the 
system under study. The model chosen for 
a particular micro-lesson may be related 
to the models used in previous micro- 
lessons by: 

(1) incorporating some new feature or 
component into a previous model. 

(2) synthesis of several previous models 
into a new model. 

(3) providing a more exact description 
of some part of a previous model. 

As an exanqE>Ie of this processF consider 
the model of a TEttAK computer in Figure 7. 
One can introduce the concept of a work 
file by expanding this model as shown in 
Figure 12. 



I Monitor 



> 



cpy 



Disk Memory 




file ABC 



worScfile 



Figure 12. TERAK Information Flow 

Another example of model evolution can 
be seen from a comparison of Figures 5 and 
13. Here again a new feature is added to 
the model to create a more extensive model. 
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Figure I3» Tree Structure 

It should be noted that the motjels of 
Figures S, 13, It and 12 are inter-related 
and constitute an evolving parallel struc- 
ture» Figure 14 depicts such a structure 
where H]^ and Hi* represent the iDodels of 
Figures S an^a 13 and H2 and H2* correspond 
to Figures 7 and 12* Each connecting 
line (R^) represents the relationship 
between two models or the relationship of 
a model to reality. 



Hicroteaching 
Unit 1 




Hie rot caching 
Unit 2 



I 



Figure 14 » 
Evolving Parallel Structure 



TBACHIH6 OBJECTIVES IH HODEL-BASED 

IKStRUCTION ^ 

Once an evolving parallel structure of 
jiodels has been designed, it becomes fairly 
straightforwaid to define the teaching 
objectives. The objectives can be des- 
cribed in terms of the models, the rela- 
tionships between the models, and rela- 
tionships of the models to reality* 

The purpose of each micro^teaching unit 
would be to solve a practical problem in 
some particular area* The process of pro- 
blem solving using models is shown in 
Figure IS. 



5 



Hoael 2 
Hodel 1 
Reality 



Figure IS. Problem Solving Using Hodels 

The problem- solving process illustrated 
in Figure IS consists of 6 basic points: 

1. PR-Practical problem to be solved 

2. Model H2 

3. HS2- specified model H2 

4. Hodel Hi 

5. MS]^- specified model H]^ 

6. PP-Practical performance 

By specif icat ion f we mean the process of 
applying the model to a specific situation 
by selecting one state or path of the model* 

The choice of teaching objective for 
each micro- teaching unit can now be speci- 
fied by the triplet of transformations: 

where each T is defined as follows: 
Ms5 = T^(PR, M^) 

MS« = T2(Hs5. mJ) 



PP 



= T3(HSJ) 



These transformations represent: 

T. - The transformation of the HotJel 
H2 for a given practical problem, 
P^* 

T2 - The transformation of the model 
Hi for a given specified motJel, 
MS2* 

- Practical performance for the 
specified model MS]^» 

Hodels enable us to describe teaching 
objectives more precisely, which is, of 
course, a very important condition for the 
success of teaching. Another advantage of 
this way of designing teaching objectives 
is connected with the analysis of problem 
solving, as one can concentrate on under- 
standing and performance more than remem- 
bering . 

VI. MODEL-BASED laSTRUCTlOH 

Having prepared specific teaching ob- 
jectives # we are in a position to design 
the micro-teaching lessons in detail. Two 
phases «.re involved: first we teach the 
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models and the relationship (the generali-* 
2ation processes), and second we teach how 
to apply them (the specification processes)* 
An example of this process is shown in 
Figure 16* 



2 5 6 11 12 




14 9 10 



Figure 16* 

Diagram of First Phase 
of Micro teaching Lesson 



A description of the steps in Figure 16 
is as follows; 

1- General description of a device 

(TBRAK computer). 
2* Introducing the basic elements of the 

Model, M2^ and relations (Keyboard, 

Monitor, CPU, and disk drive)* 
3* Basic elements of the model. Mi (modes)* 
4* Description of the first task to be 

performed (transfer from keyboard to 

CPU)* 

5*6* Generalization of the models M2^ so 
that it represents task 1 (adding in- 
'formation flow from keyboard to CPU)* 

7<*8- Generalization of the models M^^ so 
that it represents performance con<* 
nected with task 1 (adding actions B 
and I) . 

9*15* Repetition of steps 4-^$ but for task 
2* 

Thus, the first phase is the process of 
generalization of a model. It includes the 
introduction of new aspects to the model 
rei&ted to each elementary task* The second 
phase is the process of specification and is 
based on model specification as shown in 
Figure 15* Again# we repeat this phase 
several times with increasing student activ- 
ity until students can solve any problem in 
this area* 

Now we are ready to describe the basic 
characteristics of model<*based instruction: 

1* Parallel structures 

2* An evolving sequence of models 

3* Teaching cbjectj^ves which are based 

on t^e evolving' parallel structure 
4* A method of teaching based on moving- 
£rom a practical situation to a model 
and then back to practical performance* 



In various practical situations, it may 
be appropriate to relax one or more of the 
above requirements for model-based instruc- 
tion* In addition, the diagram of teaching 
(Figures 15 and 16) can be modified dependinc 
on the student's role in the creation and 
use of the model* When, the model is an 
algorithmic description of a process of 
performance, then the process of specifi- 
cation of the model is impossible, and we 
have algorithm-based instruction rather 
than model-based instruction* 

Some models require that certain para- 
meters be supplied by the user to complete 
the model* If this is the case, then the 
transformations 2-3 and 4-5 of Figure 15 
will consist of a series of steps instead 
of just one step* 

Other models require some work to con- 
struct using simpler models* If the pro- 
cess of construction is given by some algo- 
rithmic rules, then the diagram of teaching 
will not be substantially changed. However, 
if the creation of one model is described 
in terms of other models, then in the pro- 
cess of problem solving we will have two 
phases in place of one* The first will be 
connected with model construction for the 
practical situation^ and the second will 
be connected with applying this model to 
some practical action* 

VII. THE APPLICATION OF M0DBL*6ASED 

INSTRUCTION TO COMPUTER- ASSISTED 

INSTRUCTION 

On the basis of the principles of model- 
based instruction, a CAI facility has been 
implemented which teaches the PASCAL lan- 
guage on the TBRAK computer* Plans are 
underway to also implonent this facility on 
the TICCIT system* 

It appears that MBI is a very useful 
method in CAI because: 

1* Computer graphics provide an effec- 
tive way of displaying models and 
their transformations* Model-based 
languages are much easier to Imple-^ 
ment than natural languages* 
2* The strict definition of teaching 
objectives makes it very convenient 
to evaluate user responses* This is 
very important in tracing each tftep 
in the process of problem solving* 
Three types of conversation blocks have 
been designed as shown in Figures 17-1$* 



C 



Figure 17* Simple Conversation Block 
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Figure 17 shows a tsimple conversation block* 
It consists of: 

P the problem to be solved 
C ^ correction block 
+ ^ right answer 
- wrong answer 



rlfiv* It, Tttuhinv Ce«v*raatl« Ploek 



In Figure 18 # several simple conversation 
blocks are combined into a teaching sequence* 
In each simple conversation block/ one of 
the transformations, t^f t^r perfonoed 
by the student/ is evaluated* 




ri9im 1*, EvalmtlDh Ccnv«raatlcn Bl«ck 



Figure 19 # in comparison with Fiaure 18 # 
shows the process of evaluating two students' 
solution to a problem* The students' possible 
responses are represented by Aj^, ^3'' 
A4* is the correct answer* A2 t**^ 
wron^ answer/ but the answer is covered by 
the rules of model Hi* A3 is the wrong 
answer not covered by the rules of M^* A4 
is the exit path followed when a wrong answer 
is repeated* Thero are as usual correction 
blockSf C3, and CAt which differ depend- 
ing on the response or the user. 

The conversation blocks described above 
aref together with the information blockSf 
the basic elements of a CU micro*- lesson* 
The diagram in Figure 20 is an exan^le of 
this type of CAI lesson* 




In Figure 20, IB represents an informa- 
tion block to be displayed on the monitor* 
El is a simple conversation block/ 83 is 
a teaching conversation block, and B3 is 
an evaluation conversation block* It iSf 
of coursSf possible to repeat conversation 
blocks B2 and B3 until the lesson is 
mastered by the student* 

VIII* SUMMARY 

In this paper/ we described the use of 
model*based instruction to teach the 
PASCAL language* in the classified set of 
modelSf we found and defined a parallel 
structure* We next showed how to transform 
this structure into a sequence of evolving 
models that constitute an evolving parallel 
structure/ the basis for defining teaching 
objectives* The characteristics of model- 
based instruction were then described* 
Finally, the application of this teaching 
methodology to computer-aided instruction 
was shown/ using as an example the teaching 
of the PASCAL language* 
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INTRODUCTION 

Students In introductory computer 
courses are often frustrated by the un- 
familiar processes involved in solving 
bewildering alc^ebraic problems, particular- 
ly if their background in mathematics is 
weak. But these same students can learn 
the fundamentals of structured programming 
quickly and painlessly by directing the 
activities of a simulated robot, RI^DI. 

Rl-DI is an Indirect descendent of the 
turtle used by the IiOGO group at M.I.T. to 
introduce elementary school children to the 
computer. The immediate reward of seeing 
a turtle move across the floor or a robot 
across the screen makes even non-mathe- 
matical students excited about programming. 
This pedagogical principle of immediate i^^*- 
enforcement is as valid for college students 
as it is for young children. 

But this visible movement is one of 
the least significant of RI-DI*s abilities, 
for it has the arithmetic capabilities to 
perform simple computations and the logic 
capabilities to illustrate the fundamentals 
of structured programming. 

RI-DI was also designed for ease of 
programming; each command consists of a 
single letter or digit. A program con- 
sists of a free-form string of commands 
with virtually none of the syntax rules 
involved in the typical programming lang- 
uages; hence a student is free to concen- 
trate on such programming techni<3ues as 
decision making and loop control. 

This particular robot has been used 
successfully in introductory programming 
classes by means of a simulator written 
in PASCAL. This simulator traces Rl-DI *s 
-movements and calculations on a comand*- 
by*-command basis. Once students have 
been introduced to programming via the 
robot, the concepts of programming in a 
higher-level language b«^come easier to 
explain, and the concepts of computer 
organization can be taught from a more 



interesting perspective - 

CAPABILITIES 

RI-DI is a robot that has not outgrown 
his training wheels. It can move back and 
forth in a straight line and position it- 
self over one of ten squares (memory cells) 
numbered 0 to 9: 

forward > 



Lo. 



4 1 5 I ^ I 7 I 8 



backward 



It can be directed to move to a specific 
square or to take a position relative to 
the current square* moving forward or 
backward one square at a time. 

RI-Dl can also do a limited amount of 
arithmetic. Each of the ten cells can 
store an integer number. It can also add 
or subtract from an on*-board accumulator. 

Decision making is accomplished by 
comparing the contents of the accumulator 
with the contents of the current cell then 
executing a single command <or group of 
commands enclosed in parentheses) based on 
the result of that comparison. For example, 
you could have the robot execute a command 
only if the accumulator was less than the 
contents of cell #$. 

Finally* RI-DI can be programmed to re* 
peat one command (or a series of commands) 
a specified number of times. This struc*- 
ture can be enriched by the use of the 
decision -making commands to exit from the 
loop prematurely based on certain conditions. 
For example, it could add a number to itself 
seven times, or until the sum exceeded 1000, 
whichever comes first. 

Input and output commands do not exist 
as such. When tiie simulator is run* you 
specify the initial contents of each of the 
ten cells; their contents are displayed 
automatically after each command is executed. 
However, if you wish to teach about I/O 
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instructions aa Buch, reading from and 
writing to the cells can be considered as 
input and output respectively* Or^ while 
discussing computer organization^ you may 
treat these instructions as memory fetch 
and store* 

SUMMARY OF COMMANDS 

Miscellaneous Commands: 
"H'* Halt* 

** " temporary Pause* (Allows entry of 
immediate mode commanda) 

"N" Hake a Noise* 

Execute*coimnands from an indirect 
command file* 

^tovement Commands: 

"F" Move Forward one square. 

"B** Hove Backward one square. 

"0" Hove to square 0. 

•^l" Move to square T* 

"2'* Hove to square ?* 

*'3'' Hove to square 7. 

Hove to square T* 

"5" Hove to square 5* 

"S" Hove to square 7* 

"T" Move to square 7* 

*'8'* Hove to square S'* 

•"S** Move to square ?* 

Data transfer Comntands: 

"W** fhrite contents of accumulator 

Tnto current cell. 

Head contents of current cell 

Xnto accumulator* 

Arithmetic Commands: 

"S** Zero out accumulator. 

**!*' Tncrement accumulator by 1. 

*'D'' Decrement accumulator by l* 

"A** Add contents of current cell 

to accumulator. 
"S** Subtract contents of current 

cell from accumulator* 

Skip Commands: 

**£** Execute next command only if 

accumulator is gqual to contents 
of current cellT 

"6" Execute next command only if 
accumulator is Greater than 
contents of current cell. 

•"L** Execute next command only if 
accumulator is Less than 
contents of current cell* 

Program Control Commands: 

*'P*' Perform a command as many times 

as the current value of the 

repeat count register* 
"C Load repeat Count register from 

the accumulator* 
*'X'* Premature eXit from a perform 

loop* 

MODES OF OPERATION 

the Kl-Dl can be run in any one of 
three different modest itranediatef directs 
or programmed* in immediate mode^ com- 
mands are executed as soon as the key is 
struck on the keyboard* This immediate 
feedback has proved very beneficial in 
eliminating some of the students' fear 
and has made the robot understood and 
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enjoyed even by children in elementary 
school* (While in this mode the last two 
groups of instructions^ skip and program 
control commands^ are not allowed^ as they^ 
by definition^ involve multi*-character 
command sequences*) 

In direct mode^ a complete command 
string is given directly to the simulator 
which then begins execution, this allows 
the students to use multi*-character coirmand 
sequences with minimal knowledge of the 
host operating system. Students communi-* 
cate directly with this one program without 
learning to use a text editor^ compiler^ or 
other system programs* 

Finally^ as the system text editor is 
introduced^ students can edit and save pro*- 
grams for Kl-Dl and modify them as they see 
the results generated, this approach not 
6nly helps in teaching such concepts as de*- 
bu9ging by tracing^ but also gives the 
students a chance to use a subset of the 
system text editor on a manageable piece 
of text since programs are typically only 
one line long* 

APPLICAtlON *rO VARIED AGE LEVELS 

First graders enjoy watching the robot 
move back and forth across the screen as 
they enter commands in immediate mode. 
High schoolers can be shown graphically the 
relation of mult '.Plication to addition and 
division to sub' .ction as illustrated by 
the sample program in the next section. 
College freshmen gain a glimpse of both 
machine language and PASCAL programming 
concepts* 

SAMPLE PKOGHAH 

A program which would take the initial 
contents of cells 1 end 2, and put their 
sum in cell 3, their product in cell 4t 
their quotient in cell St and their remain*- 
der in cell 6 is given below: 

1K2A3W 
1KCZ2PA4W 

Z5W1KC6WP(6K2LXS6W5KIW)H 

this program not only illustrates several 
iioiwrtant programming concepts such as 
loading and storing^ looping^ decision 
making^ etCff but also serves to remind 
students that multiplication can be per*- 
formed by successive additions, and that 
division can be performed by successive 
subtractions * 

the first section of the program reads 
the value from cell 1, adds the value in 
cell 2, then stores the result in cell 3* 

The second section of the program picks 
up the first number and loads it into the 
repeat count register. The accumulator is 
clearedf then the second number is repeated*- 
ly added to it. ^e product is then stored 
in cell 4* 

the third section of the program first 
clears the quotient to zero and sets up 
the dividend as the remainder^ then, each 
time through the loop the divisor is 
subtracted from the dividend , and the re* 
mainder and quotient are updated* As soon 
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as the dividend is less than the divisor^ 
the loop exit is taken and the program 
halts. 

One of the major disadvantages of this 
type of programming is the obvious lack of 
on-line documentation. But since the pro- 
grams are so short and simple^ this lack 
of docvunentation has not proven to be a 
handicap to students. - 

COHCLUSIOH 

Decision making and loop control on 
RI-DI follow the general outlines of the 
PASCAL IF.. THEN and REPEAT statements 
respectively. The equivalent of a GO TO 
statement has been purposely omitted^ 
thereby teaching students the concepts of 
structured progranuning from the very be- 
ginning. Parentheses can be used^ when 
necessary^ to treat a group of commands 
as a single commands just as BEGIN. .END 
are used in PASCAL. 

Students in introductory coitiputer 
courses learn the fundamentals of struc- 
tui'edi programming quickly and painlessly 
by directing the activities of the robot. 
A few sessions with Rl-Dl at the beginning 
of the computer science curriculum leave 
students both more knowledgeable and more 
enthusiastic about programming than they 
were in the pre-robot period. 



SIHULATOR PROGRAM LISTING 

PROGRAM R1DI(INPUT,0UTPUT); 

( THE WELL STRUCTURED ROBOT ) 

{ BY; DAVID G. HMKAY ) 



{ DIRECT EXECUTIOU VERSIOH } 



VAR 

COMMAND 

: CHAR; 

ACC, 
COUNT, 
LEVEL^ 
LOC, 
PC, 
PTR 

: INTEGER; 

CELL 

: ARRAY[0..9J OP INTEGER; 

PROG 

: PACKED ARHAY[1..80] OF CHAR; 
DOUBLE, { 
VALID { 

: SET OF CHAR? 

PROCEDURE PERFORM 

(FIRST, LAST, TIMES; INTEGER); 
FORWAItD; 



{ CURRENT COMMAND } 



ACCDMULATOR } 
REPEAT COUNT REGISTER } 
DEPTH OP "PERFOfiM" LOOPS 
CURRENT LOCATION OP RlDl 
PROGRAM COUNTER } 
TEMPORARY POINTER } 



{ MEMORY CELLS } 
( PROGRAM STORAGE } 



SET OP PREFIX COMMANDS 
SET OF VALID COMMANDS 
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PKOCEDURE VALID ASSIGKl 
BEGIN 

DOUBLE t« [*eS*GS*LV*PMi 
VALID 13 [»H',»F\*B*,»W*,*R\ 

*Z\*I\*D»,*A\*S\ 

*B\*G\*L\* S 

E»DI { OF VALIDJVSSIGK } 

PKOCEDURE BLAKK SCR£E» 

(BOW: INTESeR)i 
BEGIN 

GOTOXV(0,ROW)| 

ttRlTE(CHR{27),*J*) 
EHDi ( OF BLAKK_SCH££K } 

PKOCEDURE ERROR 

(HHICHi I»T£G£R)| 
BEGIN 

GOTOXY(0,22)| 

CASE IffllCH 0? 
I: 

WRITELK ( * ILLEGAL C0MMA14D * ) | 

2l 

WRITELlt(*OUT OF BOUNDS* ) f 

3: 

WRlTELlt(* PARENTHESES CHECK*) I 
EKDi ( OF CASE ) 
EXIT (PERFORM} 
EHDi ( OF ERROR } 

PROCEDURE SCAN 

(VAR PI, P2: INTBGERl 
LlHITl iriTEGER) \ 
VAR P3, P4t IWTEGERJ 
BEGIN 

IF PROG[PC] <> * (* 
THE» 
BEGIN 

PI t= Oj P2 0 

E»D 
ELSE 
BEGIN 

PC ;« PC + I; PI PC; 
WHILE PHOG[PC] <> *) * DO 
BEGIN 

IF PROG[PC) = M* THEH SCAN (P3, P4, LIMIT) ; 
PC t« PC + I; 

IF PC > LIMIT THEN ERB0R(3) 

E»D; 
P2 t= PC - I 
END 

ENDl { OF SCAN } 
PROCEDURE SKIP 

(LAST: INTEGER) I 

VAR SI, S2l INTEGER! 
BEGIN 

PC :« PC + Ij 

IF PROGtPC) IH DOUBLE THEH PC :» PC + X% 
SCAM (SI, S2, LAST)| 
IF SI <> 0 THEH PC t= S2 + I 
ENDl ( OF SKIP } 
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PROCEDURE perform; 
VAR 

PI, P2, 

RCt IKTEGER; 

BEGIN 

RC TIMBS; 
WHII.E RC >» 1 DO 
BEGIN 

- GOTOXy(50,2); 

HRITE(*LEVELt SLEVEL,' REPEAT COUNT: *,RC)| 
PC !- FIRST; 
miLE PC <« LAST DO 
BEGIH 

COMMAND !* PROG [PC]; 
GOTOXlf (0,12)1 

WRITE(PC,*: COMMAND,* *)t 
IF {COMMAND >« '0') AND {COMMAND <- '9') 
THEN 

LOG ORD(COMMAHD) - ORD{'0') 
ELSE 

IF COMMAND IN VALID THEN 
CASE COMMAND OF 

HEADLN; 

'H* s 
BEGIN 

GOTOXV{0,22)| 

WRITELNC* * * HALT * * **); 
EXIT (PEHFORM) 

ENDi 
*F * : 
BEGIN 

LOG CiOC + I; 

IF LOG > 9 THEN ERR0R{2) 

ENDi 
*B' ! 
BEGIN 

LOC :« LOG - 1; 

IF LOC < 0 THEN BRK0R(2) 

END; 



'ff* ; 






CELL[LOC] ACC; 


*R'! 




<2<; 


ACC ts CELLtLOC]; 




ACC t- 0; 


*I*! 






ACC :> ACC + I; 


<D* ! 






ACC ;a ACC - I; 


*A' : 






ACC !* ACC + CELLtLOCl; 


<S*! 






ACC !- ACC - CELLtLOCjJ 








IF ACC <> C£LL[L0C] THEN SKIP (LAST); 








IF ACC CELLtLOCl THEN SKIP (LAST); 


*L*! 




IF ACC >*- CELL[LOC] THEN SKIP (LAST); 







BEGIN 

SCAH<P1,P2.IAST) ; 
PBRF0ItM(Pl.P2.1); 
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PC := P2 + Ij 

BHD; 
')': 

J 

'C' : 

COUNT :» ACC; 

BEGIN 

PC PC +.1; 
LEVEL := LEVEL + 1; 
SCAN (PI, P2, LAST) ; 
IP P2 = 0 
THEN 
BEGIN 

PI s — PC i P2 I* PC? 
PERFORM (PI, P2, COUNT) ; 
PC i= P2 

END 
ELSE 
BEGIN 

PERFORM (P1^P2,COOKT1 ; 
PC i= P2 + I 

E»D; 

T-EVEL LEVEL - I 

END; 

BEGIN 

RC I; 
PC LAST; 

ENDf 

END { OF CASE } 
ELSE ERROR(I); 
WRITE(CHR(27)/J'); 
GOTOXY(6*LOC+I0, 12) ? 
WRITELN('<' ,ACC,'>'); 
FOR PTR i» 0 TO 9 DO 
BEGIN 

GOTOXY ( 6*PTR+I0, 13 ) ; 
WRITEC t' ,CELLtPTR], ' V) 

END: 
GOTOXY(50,2) ; 

WRiTECLBVELi LEVEL,' REPEAT COUNT; *,RC)? 
PC i= PC + I 
END; { OF PC LOOP } 
RC :^ RC - I 
end; { OF RC LOOP } 
END; { OF PERFORM ) 

BEGIN { RI-DI MAIN PROGRAM ) 
VALID ASSIGN; 

WRITeT* PROGRAM? PC 1; 

WHILE NOT EOLN DO 
BEGIN 

HEAD (COMMAND) ; 

PROGtPC] ;= COMMAND; PC ;= PC + 1 
END; 

COUNT :3 1? LEVEL 0; LOC 0; ACC 0; 
WRITELN('C E L L S')f 
FOR PTR :« 0 TO 9 DO 
BEGIN 

gotoxy(6*ptr+11,10); write(ptr) 

end; 

perform(1,80,i); 
end. ( of program *ridi< ) 
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ABSTRACT . 

Althoof^h the Instructional use 
cooputerfl at the rrecolle^e level la 
growing bv leaps and boundo, it is still 
in Ita Infancy. Over the short run manV 
of the nujo^ problems are correctly Per- 
ceived to be due to a lack of ade<iuate 
or appropriate hardware, software, and 
courseware* But there are two other 
major problema that will be the domi- 
nant long-term considerations* These 
are the problcsns of securing widespread 
aftreement upon the ultimate goal(s) for 
Instructional use Qf computers and the 
problen of teacher training* 

The Association for Cormuting Ma- 
chinery's Elementary and Secondary 
j^chools Sttbcoinaittee has been working 
for the past t^fo years to identify some 
of the ma^ior problems of instructional 
use of computers and to help lay a foun- 
dation for progress towards their solu- 
tion* Scmt two do2en tasl^roups have 
been established^ This paper is the 
Introduction to a KECC/2 session in 

^Daye^ noursund is Chairman of the ACH 
Elementary and Secondary Schools Sub- 
connittee* He is also editor of The 
Commtting Teacher, a professional Jour- 
nal aimed mainly at elementary and 
secondary school teachers interested 
in instructional use computers. 



^ich several of the taskgroup leaders 
will discuss their Progress. 

In June 1978 the ACM Elementary and 
Secondary Schools Subcommittee was formed 
by merger of a Secondary Schools Subcom- 
mittee and a Teacher Certification Sub- 
committee. Since that time ES^ has work- 
ed diligently to identify some of the 
major nroblems related to instructional 
use of comnuters at the precollege level 
and to help solve them, Due to very lim- 
ited financial resources ES^ in TDost 
cases can onlY hone to provide some lead- 
ershin and to lay a foundation which may 
help lead to lonf;; term solutions > 

This same tffo-^year time snan has- 
witnessed a massive influx of computer 
facility into the achools. Reliable data 
on how much hardware has become available 
has not been collected, lie Vxiw* however, 
thi^t total sales of microconmuters by 
ADple^ Commodore^ P^dio Shaelc^ and a num- 
ber of other comoanies total in the hun- 
dreds of thousands. The state of Kinne* 
sota has long been recognised r its 
leading role in the instructioi^ use of 
comtiuters . Through the Minnesota Educa- 
tional Computing Consortium it has made 
time-shared comouting available to almost 
every school in the state's t^recollege 
nubile education system. During the past 
two years these sane schools have added 
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approxlinately I>000 mlcrocomDutere , while 
continuing to increase their use of the 
tiine-t shared system. Minnesota has a pon- 
ulation of about 4 million » or a little 
less than Z% of the total US poDuIation. 

One can ^et additional ins^ht into 
this massive growth of nicroconifniter use 
in education by talkinp, to a variety of 
teach&cs and by att^ding local and na- 
tional professional meetingB^ ss it has 
been privilege to do. For example^ 
each year the northern California affil- 
iate of the National Council of Teachers 
of Mathematics holds a meeting at A£il- 
omar^ near Monterey » California. Usual 
attendance is about I»500 educators. Bob 
Albrecht^ weII*known author and leader in 
the computer education fields has attended 
this meeting for many years. According 
to Bob the 1978 meeting included a modest 
amount of computer activity* and there 
were 10 microcomnuters available for dem* 
onstrations and hands-^on use. 

At the most recent 1979 meeting 
there were computer*reIated talks sched* 
uled in parallel with every math session. 
There were some 66 microcomputers avail- 
able for hands'On experience^ and there 
was a well'Organized software swap. The 
software swap was set up by the Computer* 
Uaing Educators <CUE) , a northern Cali- 
fornia group that is lass than two years 
old* By the end of the Asilomar meeting 
CUR had well over 200 members* <l) 

At the Asilomar meeting X talked 
with dozena of teachers who are just get-^ 
ting started in the instructional use of 
computers. The most typical question 
went approximately like this: "Our 
school has $X to spend for computers* 
VThat should we do?** The typical figure 
mentioned ranged from a thousand dollars 
or so up to many times that amount. 

Two conclusions seem evident* 
Firsts many people with very little for- 
mal training or experience in the in-^ 
structional use of computers are now be- 
coming involved; indeed^ they are being 
asked to tuake major decisions that will 
affect how computers are used in their 
schools* Second, while the primary con- 
cern is still hardware^ there is growing 
awareness on the part cf novice users 
that software is also a major issue* 

On the average » the novice computer 
educators know little about work done by 
others nor of the higher level problems 
faced by the field of instruct ibrial use 
of computers* 

WHERE ARE WE HEADI^D? 

In my opinion one of the major pro- 
blema of instructional u^e of computers 
ia there is little agreement as to where 



we are headed. The overall long-term 
goals are neither clearly imderstood nor 
widely accepted by the peoDle Who will be 
involved in implementing them^ 

Over the Past decade computer liter- 
acy for all students has emerged as the 
major goal in instru'^tional use of com- 
puters at the w^f* .ege level* Ini- 
tially computt acy tended to mean 
computer aware It was thought by 
many to be adequ. 5 students could 
comi to imderstano ^ome of the capabili- 
ties and limitations of computers and 
thus gain some insight into how computers 
were affecting the world and their lives. 
There was relatively little mention of 
giving sLudenta substantial training in 
use of comouters or integ* iting their 
use into the curriculm. initially, at 
leasts it was clear that resources to do 
so were not available within the^ foresee- 
able future* * 

But the future proved difficult to 
foresee accurately^ and large-scale in- 
tegrated circuitry became commonplace* 
As the price of computers dropped and 
availability increased, the meaning of 
computer literacy changed. Sow the ex*- 
pression tends to mean a functional » 
workinp knowledge of computers. 

The analO{^ with reading and writing 
literacy expressed by Art Luehrmann <2) 
is highly instructive. We can imagine 
being involved in education at the drvn 
of the invention of reading and writing 
and entering into discussion as to their 
role in education. We can imagine edu- 
cators getting bogged down on issues such 
as the brand of pencils and paper that 
are best or lamenting the* poor ouality 
and small quantity of books that are 
available*^ But these turn out to be 
short-term issues » and are certainly not 
the major long*term prbblem. Over a time 
span of a few thouaahd years » and aided 
by the invention of movable type and hi^ 
speed printing presses » reading and writ- 
ing come to be integrated into every as- 
pect of human intellectual activity* 

What have proved to be continuing 
nroblems in reading and writing are il* 
lustrated by looking at examples, such as 
in mathematics and music* In each field 
there hac been a need to develop appro^ 
priate symbols » notations* and vocabulary 
in order to represent the key ideas* Key 
ideas had to be developed and preserved. 
As this knowledge accumulated^ educatora 
are faced with the problem of hc^ to 
teach it and what students should learn. 

Sow shift your attention back to the 
problem of inatructional xise of counters. 
If our technologically oriented aociety 
continues to prosper then we can easily 
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Imagine that eventually computers will be 
as readily and conveniently available as 
books, pencils, and paper are today. 
Within that framework a single clear-cut 
goal for Instructional use of comDuters 
seems evident to me. We want to Integrate 
use of computers Into every aspect oi: hu- 
man Intellectual activity In the ssme 
manner that we have done for readlnf, and 
writing. The coanputer is a universal 
tool, a new aid to problem solving, and 
we want all students to develop a high 
level of functional knowledge and skill 
in its use. 

This ultimate goai will take many 
decades p centuries, or even millenla to 
accomplish. Progress will be made by ^ 
identifying problems that face current 
educators and working to solVe these nro-^ 
blems. The ACM £S3 has identified about 
two dozen problems and established a like 
number of task groups to work on them. 
The next several sections of this paper 
discuss some of these problems. 

SHOULD COMPUTERS BE USED IN EDUCATION? 

There is growing support ^^om tea* 
chers, school administrators, sonool 
board members, parents, and other^ for 
the instructional use of computers in 
education. But much of this support is 
still tentative, and much of it is based 
upon Incorrect insights as to how com* 
uters will affect education. Robert 
aylor of Columbia Teachers College 
heads the ES^ Arguments taskgroin). His 
review of the literature led him to as^ 
semble a book of teadlngs (3) on the 
arguments in favor of instructional use 
of computers that have been so well 
pressed by various people over the past 
15 years. Perhaps the main conclusion 
to draw from Taylor^a work is that many 
people are busy reinventing the wheel/ 
Most people currently entering the com- 
puters in education field are not taking 
the time to learn what lb already known 
and thus are expending considerable ef* 
fort redoing what has already been done. 

HARDWARE, SOFTWARE, AND COURSEWARE 
PROBLEMS 5 

Several of the ES taskgroups are 
concerned with the problems of hardware, 
aoftware, and courseware; as mentioned 
earlier, many people view them the 
major Issues that need to be resolved. 
The hardware and software problems are 
closely related. We have a growing num- 
ber of options in educational b T<h?are, 
with the quality and capablllt * these 
machines continuing to improve ^ut 
there is a lack of software compatibil- 
ity between different manufacturer's 



machines) and we are just beginning to 
see how massively difficult the software 
problem really is. 

We can better understand the soft- 
^'are/cours eware problem by examining on«i 
of the major directions of expanded com* 
puter activity, computer-assisted in- 
struction. The idea is for the computer 
to take over some of a teacher *s func* 
tlons, interacting with students to en* 
hance student learning. Material is 
needed at every grade level and in every 
discipline, and the past 20 years of ex-^ 
perlehce of the PLATO project, as well as 
many other computer-cassis ted instruction 
projects^ points out the difficulty of 
developing good ouallty instructional 
software and cc'^r^c^jare. Developing good 
software and computei'-orl anted courseware 
is more difficult than developing the 
more traditional materials currently in 
use. ^'jreover, the current market la 
small, the number of people Involved in 
developing materials is modest, and the 
machinery for coordinated national ef- 
forts in development or distribution is 
not yet well established. 

It is clear, then* that regardless 
of hardware progress, software and course- 
ware will continue to be major problems 
for many years to come. Some federal 
funding is being made available, however. 
For ^an^le* Judy Edwards (4) heads a 
three year, $200,000 per year project to 
work on ejiucatlonal software for micro* 
computers , 

Another approach is being strongly 
encouraged by £S^ and has also received 
the backing of the International Council 
for Computers in Education (5)* Local or 
statewide groups of computer-fusing educa- 
tors who can readily participate in aoft-^ 
ware and courseware exchange are being formed. 
Such local groups bring people together 
for personal interaction and are proving 
to be a highly effective mode of infor- 
mation dissemination. Those Interested 
in starting such a group please contact 
the author of this paper. 

CURRICULUM CONTENT qUESTlONS 

Computers are a general aid to pro- 
blem solving in every academic dlscipllnep 
although they currently are much more o 
used in some areas than in others. ES 
has taskgroups concerned with computer 
uses in mathematics, the sciences, the 
social sciences, the humanities (includ-^ 
Ing art and music), business p and voca* 
tlonal education. The task in each caae 
is fairly similar. Eventually use of a 
computer as an aid to knowing the aubject 
matter and to solving problems from these 
disciplines will be routine. So far. 
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however* relatively little progress has 
occurred I 

We find the most progress in mathe- 
matics t Calculator use in secondary school 
mathematics is now common, especially in 
the more advanced courses; strani^ely (in 
the author's ODinion) use of calculators 
in the remedial math courses has been more 
slow to gain acceptance* The use of com- 
puters is tau^t in some math courses* 
but we seldom find a math course where 
the math content has changed to reflect 
what computers can do or how one uses 
them in problem solving* Almost always 
the computer is an add--on topic and is 
used in conjunction with leaminf; the 
traditional topics in the traditional man- 
ner. 

In very few secondary schools one can 
find a significant chanp.e in the science 
or business curricultmi due to comnuters. 
As in math> computer use tends to be add- 
on in nature, to help students learn the 
traditional content/ Thus it is a 'very 
rare student who eanerges from hif;h school 
with a functional knowledge of the com- 
puter as an aid to problem solving in a 
variety of disciplines. 

The problm here is immense* The 
content and coursework for every disci- 
pline needs to be rethought and redone 
in the light of computers and their ca^- 
pabilities* 

ELEMEHTAKY SCHOOL 

A single taskgroup ±s attempting to 
bring order out of chaos in elementary 
school education, which represents about 
half of all of precollege education. Al- 
though this group is not expending much 
energy on the issue of calculators, that 
particular issue gives eood insight in- 
to some of the overall difficulties 
faced by the field of instructional use 
of computers » 

Calculators are now cuite inexpen- 
sive and reliable* Even at the retail 
level one can buy a 4-function machine 
with 4-key memory and liouid crystal 
display for under $10. Since such a 
machine will last for years » an elem- 
entary school could provide its stu- 
dents with essentially unlimited access 
to calculators at a cost of perhans ^2 
per student per year. The use of cal- 
culators at this level has been iitudied 
in many research projects and has re- 
ceived the backing of such organiza- 
tions as the national Council of Teachers 
of Hathematicj^ and the tfational Council 
of Supervisors of Mathematics, Many 
books of calculator materials are now 
available for use in the elementary 
school * 



But calculators have had essentially 
no impact upon the elementary school matl^ 
ematics curriculum} Speculations as to 
why would fill at least an entire paper; 
however,' it seems that a major factor is 
that teachers lack appropriate knowledge 
and skills. 

What, then, can we expect to happen 
with, computers in the elementary school? 
One answer is computer-assisted instruc* 
tiout with the main ennhssis being on the 
computer taking over some of the Instruc- 
tional processes currently handled in 
other ways I Proponents talk about tea- 
cher-proof materials and point out inad** 
eouacies in the current instructional prc^ 
gram* Opponents point out the inadeaua- 
cies of boimmterized instructional mAt* 
erials and discuss the wisdom of this 
type of change in our instructional de- 
livery system^ 

Very few elementary schools current- 
ly attempt to teach studenta about com- 
puters. We have only modest insight as 
to what is apprODriate. Again^ the m^;jor 
drawback is teacher knowledge. 

TEACHKR KHOUL£DG£ 

Every teacher kttows how to read and 
write and makes use of this knowledge in 
teaching. Every teacher has substantial 
insight into the use of reading and 
writing as a tool to learning the disci- 
plines s/hft teaches, and in solving the 
problems of these discipllneft* The great 
bulk of instructional materials builds 
upon students* abilities to read and 
write 

Contrast this with teacher knowledge 
of computers t It is a truly rare achool 
that has even one teacher who uses com** 
outers as an everydav tool in coping with 
the problems of his/her discipline. Thia, 
then, is the major problem. We are. ask- 
ing computer illiterate teachers to help 
studenta to become computer literate at 
a functional level. 

This problem is being attacked in 
many ways. Mong these are teacher cer** 
tification requirements, nre-service 
courses^ in-service courses^ self-directed 
study, and so on. Many teacher organiza- 
tions recognize the probl^ and are in* 
cltiding computer talks and computer ta- 
torials in their professional meetings* 
All of these things are necessary^ and 
all are helping. But progress seems slow 
relative to the mctgnitude of the task* 
The educational world has yet to accept 
the use of computers in Precollege educa- 
tion as a major goal, and thus to begin 
to devote the resources necessary for 
rSDid nrogress. 
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DtTOODIlCTJDW 

On Dtceiber 197S> the BleMntary txiA 

Seoondaty S^mla SubcOKltt** fBSS) of the ACM 
Curriculum Oomlttee tttt In mihingtM^ DC to 
begin forMlIy leylog out currlculer and teadier 
training guldtllnea for the integration of coat- 
putlog Into the tIeMentaty and aeccmdaiCy adioola 
of the country. Building ^pon a lengthy Initial 
dlacuaalon and a review of earlier pa4^« ftnd 
docuaenta baling t«lth the eaiM ^cbleM^ the aub- 
ooMilttee outlined nhat It would atteiv^ to do. 
Ihla procesa Identified aavaral taaka that 
together irauld oonatitttta tha overall work of the 
aubeonUttee. rinally^ on the baala of Interatb 
and ea^rtlae^ each participant in the X$3 Meting 
Ma aaalgned to a working taak group to further 
define and carry tut one of the Identified taaka. 

Anong the t«.aka Identified ma one dealing 
with teaciber trelnlngt to define the acope and 
■uhatance of teacher training needed to integrate 
computing into the achcoli. Accord ingly^ a 
teicher training taak grou^ waa fbr«ed. 

Ihla paper la a product of that taak grot^. 
It deala only with a lUbaet of the liauei and 
areaa related to dealgnlog overilL co^ptiter- 
lltirate tiacher training. To appreciate Ita 
focua and accept aoM of It^ omlaalona^ one ehould 
be awari of the follcwlng conotralnta that taik 
group placed cn Itaelf . Flrat, It wee unanlaoualy 
■greed that daflnltlona ahould be In terju of comr^ 
petenclii to be achieved rather than In ter»a of 
prograaa or couraea to tranaait thOie coqpetan^ 
clta. Seconds becauae thi computing conpetinclii 
needed by the teachir who nuat teich ooivt^tlog aa 
e lubjeot aj;e MOre extenalve than thoae needed ty 
other teichira^ the ooiiwtenclea needed only by 
the ooflputlng teacher ehould be treated aa ■ eepa* 
rite ffodttla. thirds though InteSEally rilated to 
each others the ooifwtenclea needed by the teecber 
ate qulU different fro« thoae needed by the 
teicher 'a tiicbera^ the ateffa of Inatltutlona 
actually doing the Uiehntr training. It waa 
agreed^ therefori^ that apedfylng the coi^ten- 
claa needed by the Uacber'a teacher would be i 
aeparau module of work. It waa ilao agreed that 
It ahould only be undertaken after the ooapeten^ 
clea needed by the teacher had been apeolfled. 

Hie taak group aaw the ooapetenolia needed 



by teacheri it tbi ichool level ai belonging to 
one of three aeti. The flrat aet enoo^aaaea 
thoae baalc unlveraal conputlng ooivatenelea 
required for any achool tiichlng^ tegardliaa of 
level or aubjeet. Hhe aeoond enceepaaaea tboai 
addtltlonal ca^utlng coapetenelia needed oniy by 
the teacher who auat teich ccMiputlng la a aUbjeet 
In Ita own right. Ihe third enooapiaai^ addl* 
tlonal coi^tttlng^alatedf aubjeet^apeclfic comr 
petenclea needed by teachera of aubjecti other 
than coeptttlng. 

Ihla paper outllnea the ooaq^tanclea In ill 
^ree aeta. It inoorporitea critical aoggeatlcna 
received aa i raittXt of wide circulation of two 
earlier peperi on the topic Me al»> truat 

It will atlMulaU uaeful dlacuaalcn and crltl* 
clan. Hi hcqpe It ^ovldea ao«e guidance to thoae 
wondering wbat teachira ahould know about coai- 
putlng. 

COWPOTCTG OOMPMMCIBB KttDB) BY tBIVCgPS 

Three aeta of coaiputlog conpetenclea 
follow, the flrat <1.D) Includea thoae whlr^ all 
tiachara mat hwrm, ragardleia of their levil or 
dlaclpllne^ even If that dlaclpllne la the 
teichlng of ooafputlng Itaelf. The aecond aet 
(2.0) Includea thoae needed only by the tiacber 
of conputlog aa a aubjeet. It ahould be notid 
thla aaoood aet pria^ppoaaa the flrat. the third 
aet <3.D) Includee additional coaipetinclia for 
teicheri who uae coi^utlog to aupport or enhance 
Inetructlon In aubjecta other than oeaputlng. 
Bvery teacher ahould eoqulra the coopetenclea 
llated In the flret aet <1.D} and the coapeten^ 
clea llated In either the aacond aet (2.0) or the 
third aet O.D}. 

1.0 t unlveraal coaoutlng ooapetenclea needed by 
ill tiidwra 

Iheae are ooaputlng coi^tenclei which ill 
achool tiachira ahould have to teich affectively 
In e aocla^ pertteatad by ooaputeri, fttiey rilati 
to either or both of two goalit il) to und^*- 
atand ooa^putlng and (Z) to uae oei^tlng. ibey 
can be otated partially in tarma of co^tenclia 
Uated in aCK'a '^rrlculua O) and par 

tlally In terju of different coapetenolea derived 
from other eourcea. A nuaber of aucb other 
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«r* listed In ttw nfAnnott «t tht ^nd of 
this pape^* rftfltot thm «bunduc« of diwrtt 
Mork that hat takan plac* In tlia past dacade 
ralatlng computing to aduc«tlon. 

1 .1 I Co^tanolat 

" In tMtm of tbas* unlvirtal oompattncletf 
ayary tatchar shouldt 

Cl.l be abU to raid and mitt simple pto* 
graM that work cortactly and to undar* 
stand bow pfogiaia and tubpcogrw fit 
togatbtr into i^atamai 
C1.2 bav« aicparlanoa using aducatlonal 
a^llcatlon aoftwata and docuaantatlonf 
C1.3 hav« a norklng ktxwladga of ooa^utar 
tatminologyf particularly as It ralataa 
to hardwarai 
C1.4 kfkotf by axaaplaf particularly In uaing 
oottputara In education, aottt Qrpaa of 
ptobl«wi that ara and mom ganaral typaa 
of pr<61«ai that ara not currantly 
aMtnabla to ttnputer iolutlonf 
C1.5 ba abla to Idantlfy and uaa current 
Infotmatlcn on ooiputlng aa It ralataa 
to aducatliMii 
Cl.( ba abla to dlacuas at the laval of an 
Intalllgant layparton ao*e of tbe hls"- 
tory of co^iitln^f particularly aa It 
ralataa to aducatloni and 
C1.7 ba abla to diacuaa awcal or hu«an»l«pact 
laauaa of ccichitlng aa thay ralata to 
aoclatal uia of oo^putara gttiarally and 
aducatlofial uaa particularly. 
Tha abovt^ ooapatanclaa abould ba traninlttad 
irltbln tlia ganaral preparatliMi prograsa for all 
taachara by having tboao program Includa tha 
toplca llatad baloir (n.l through T1.5). Ibr 
thoaa baing trained to taaoh oo^putar adaneaf 
tboaa toplca will rapfaaant only a a«all aUbaat of 
what mat ba laamad about costing and ita uaaa 
(»«a Section 2*0). Ibr all other teacheraf hott* 
ever (apart fro« the aubject*apeclflc ooepaten- 
clea covered In dectlon 3*0), thaaa toplca cover 
«uch of iriiat nuat be learned About ooaputlng by 
the teacher who la to be mini»ally literate. 

1.2 I ftples of Study 

T1.1 Pr^f^yin^ Itoplca i Includea develop- 
Mnt of alfi^e algorithm and their 
laplMintatlon In a pfograMlng Ian- 
guagef pfograMdng atyle* Mugging and 
varlflcatliMif and tatfc-apeclflc pro- 
graaailng for educational appllcatlcna. 

T1.2 OoacKi^r ^ rmlnologr i Includea io£t- 
mre (e.g.* operating J^yataaSf tl»a 
Abating ayatena) hardeare (e.g., CRTf 
tape* dlakf aiicrocoaputera) and nliKiel- 
la«i%otia itaia (e.g. t dootnaentatliMif 
taatlngf vrndoca) . 

T1.3 Claaelc tePllcatlena of Cotutlnq In 
Muoatlcn i mcludea repreeentatlve 
experience with PfOblM solving and 
text aanlpulationi alaulatlcnf drill 
and praotloef and ooaplaac tutorial 
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ayatena Including complete student 
progreaa record kaaplngi and educa- 
tional adidnlatratlve aystena* 
T1.4 Huttan/Machine Relatlcnahlps i mcludas 
artificial Intelllgencaf robot losf 
coc^uter aaalatance In daolslcn oaklng 
(e.g.f nedlcalf legal* business)* 
aluulatlcnaf and coa^uters In fiction. 
T1.5 Inforaatlon on Qoaputera In Education ! 
Includaa perlodlcalSf laportant bodcaf 
on-line Inquiry souroaa such aa BRICf 
profaaalcnal socletlaa aucb aa ACHf 
ABDSf HClMi tl«a*aharlng networks f 
networks of cos^puutar uaerai and hard- 
ware vendor g coups. 
Xn n.l pfocedurea or algorlttwa are at the 
heart of ooaiputlng so teachers should learn what 
they ara by laplewentlng alnc>le exaiqplaa aucb aat 
a procedure to average a claaa'a gradea^ a gaae 
to gueaa what nuaber the computer la thinking off 
or a procedure to dlaplay a large box m the 
acreen and than wike It ahrlnk to dlaa^earance. 

Teachers need to be able to li^lenent auch 
^ocedurea In only one language hut ahould be 
able to read at tha ssMf or a greater level of 
difficulty In a aeoond so that the Idea of a 
languagaf Its atrength and limitatlcnSf aprlnga 
from personally eig^rlenclng functional dif- 
ference a between two language a. Within the 
llRltatlona of alapla progranSf teacher a ahoold be 
taught to wlta well-atructured code, easily 
readable by otbarat and to doeunent their code In 
acceptable fashion. 

T1.2 ahculd be Integrated throughout the 
course of atudy. In order to suoeeaafolly uae 
coa^utlng the vocabulary of the field mat be 
undaratood* ffhat la the difference between a 
tapOf a floppy dlakf and a diak? Why use one over 
the other? Aase are general Ideaa but aoae 
vlnlaal underatandlng of then la receaaary to uae 
ooaiputara. 

T1.3 should certainly fsttillarlte the 
teacher with aa veral of the exlatlng well- 
developed CAI catena cited In Section 3.0 below. 
Ttcchera will not develop new Ideas about what 
could be done In thair areas unless tbay aee tha 
beat of what has been donei neither will they get 
a full understanding of what can not be 
reaaonably well dona by ccaputar without auch 
expoaure. Tot mKw^Ut acquaintance with the 
physics vate« designed by Bork (4), with OOC 
drill and practice ^ateao baaed cn Suppea'a w»k 
(5) t or with PZATD work ahould serve to 
acquaint the tea«:her with the CAI laauea. 

Since «any teadwra end up in adiinlatratlon 
and since adninlatratlva uaaa of ooaiputera affect 
the teacherf so«e introduction to one or »ore 
repfesentatlve ad»lnlatratlve catena ahould be 
included, h atudent record vate« would ^cbably 
be a reaaonahle ^Ice for llluatrative atu^i it 
deala with Information familiar to the tead»r 
without using financial detaila worn might find 
difficult to imdaratand. 

Teachers ahould also be familiar with super 
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c»lculatoi modes of 0GRiput«r um ttB « cUsbIc 
appllc»tl^* hB hone ooaput«ii beo^w 
eomon, perhaps little fovMl work In thli «ieA 
will b« necesftaty* Clearly processing wnet 
be covttredi every teacher does eo nuich word pro- 
oeselng lumaally that none should be left Ignocant 
of how ittuch word processing help the computer can 
give* 

With reapect to Tl*4t the long range and the 
imedlate Upllcatlona of ooMputlng aa a font of 
artlflcal lnt#lllgence should be taught* Itie 
excitement of learning to think about thinking and 
of contemplating thi powers and limits of hunan 
lnt#lllgence are so significantly linked with cca- 
putlng *iper lence that this ai^pect »uat be 
studledi the opportunity Is too great to pass up* 
Artificial Intelligence wy best convey both the 
power and imitation of counting In education* 
Acquaintance with any of several perspectives on 
this expedience is essential and can be taught 
using such projects as the WOO work (7) or the 
SOLD worK (8) * A growing body of fiction about 
computing can also contribute effectively to the 
teacher's Insight into the emerging world (9rl0)* 

With resp«ct to Tl*Sr teachers must know 
where to look to keep abreast In this rapidly 
changing field* Course work and Instruction 
should therefore routinely call attention to and 
reqylre that the trainee use a range of sources 
about ct^qEHitlng and eddcatlon* 

The Ideas P^esentsd above represent a nini«al 
set of conf^tencles which every teacher should 
obtain* The topics predent^d provide a framework 
to achieve this minimal level of oonpetency* In 
addition to these ooiBpetenclesf every teacher 
should also acquire the conpetencles listed In 
either Section 2*0 or Sectl<»i 3*0* 

2*0 : OoMpetencles needed for the teacher of 
coaputlng 

While every classrocst teacher should have the 
general set of counting ooi^tencles suggested 
abovof the teacher of coasting ne^s more* Itie 
likelihood that he or she wlllf In addition to 
teach Ingf be forced to function as a general 
resource to faculty^ adnlnlstratlonf and students 
only Increases the need for mote extensive coupe-* 
tency In conputlng* 

Since much of the knowledge required for such 
a teacher Is mlmilar to that required of anyone 
desiring to be a coi|iuter professionals many of 
the conputer competencies defined In the recent 
AOf Curriculum Cnwalttee reports "Curriculum '78" 
<3}r apply to the teacher as well* Itils sector 
therefore relies extensively upon that report* 

2*1 t OoBpetencles 

The core material recoimMnded for teachers of 
coi^ter science represents essential elementery 
mater lalf as well as material especially designed 
for educators* Computer science teachers ahouldi 

€2*1 be able to write and dooument readable^ 
well-*8tructured programs and linked 



systeme of two or more programsi 
C2*2 be able to determine whether they have 

written a reasonably efficient and 

well"organl2ed programi 
C2*3 onderstttid basic coeputer acchltec*' 

tures; 

C2*4 understttid the range of computing 
topics that are sultahle to be taught* 
as well as the justification for 
teaching these toplcsi 

C2*S know what educational tools can be 
uniquely employed In computer science 
education* 

The first three coi^tencles are of the sort 
coamonly needed by all computing profess lona Is r 
and are Hated In "Curriculum '78" as among those 
to be covered by the undergraduate ooaiputer 
science degree program, Ooopetencles C2*4 and 
C2*S are not iX^mcnly needed by all coaputlng 
professionals* Itiey are essential only In the 
preparation of coaptter science teachers* 

Formal training In mathematics Is 
considered crucial for the teasers of computer 
science* While the specification of this mathe- 
matical content Is considered beyond the scope of 
this reportr It should be noted that this content 
may Include topics which are frequently not part 
of formal mathematics programs (e*g* finite 
mathematics^ statistics}* 

For Individuals who are to serve as a com-^ 
puter resource person for their school or school 
systemr two additional coa^tencles have been 
Identified* 

C2*6 Develop the ability to assist In the 
selection^ acquisition^ and use of 
coeiputersf Interactive terMlnalSr and 
conputer services suitable to enhance 
Instruction* 

C2*7 Se able to assist teachers In evalua*' 
tlonf selection^ and/or develo^jment of 
appropr late Instructional mater lals 
that use computing facilities* 

2*2 t TopicB of study 

Itiese cotDpetencles should be gained through 
a series of courses and other vehicles developed 
through joint efforts of teacher education pro- 
grama and the coafmter science program* ffe pre* 
sent below a list of topics that should be 
Included In the program* 

T2*l Programftlnq ^Ics i Includes advanced 
algor IthmSf prograanlng languages^ 
blocks and procedures^ programing 
styles documentation debugging and 
ver If Icatlonf elementary algor Ithm 
analysis^ applications* 
T2*2 Software Qrqanlgatlon i Includes com* 
puter structure and machine language^ 
data representation^ eyabollc coding 
and assesbly systems^ addressing tech- 
nlquesf macros^ program sagmentatlon 
and linkage^ linkers and loaders^ 
systepm and utility programs* 
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T2.3 todware Organ Igatl on t includtt 
coa^t«i iy«t«Bi oiganisfttlonf logic 
d«0l9nf data i^pftttnt&tlon md 

stor&9t and acetsting ootitrolf i/O, 
lelloblUty. 
T2.4 Data structiiraa and Filing- Prooasalnq t 
Includes dat«^ stiuctuieSf sorting «nd 
searchlngf tr««tf flla taraltiologyf 
sequential acc«Mf randcs acoeatf flit 
I/O. 

T2.5 cooputerg in aacletvi . CoofMiters and 
their effects on governtttntSf cateersf 
tbougbtf laVf personal betiavloii 
privacy and lt« protectl<mi InfocMtlcn 
security and Its preoervatlcf). 
T2.$ Taaehlna OaMHlf r fiaience i includes 
tl) knoirledge of learning theories as 
they apply to learning about co^puterSf 
(2> knowledge of eeveral apprcprlate 
Currlcular scope and sequences f6r a 
varied of progra* goals (s.g.f liter* 
acyf careerSf college preparatioDf per* 
sonal problem solving) . 
"Curriculum '79,* along with a vast awmt of 
research in coofMiter eduoatlonf airports the 
InCluBlon of topics T2.1 through T2.5. IChoirledge 
of pr^ranQin9 t^picsf softmre organlsatlonf 
etc. f are aeeentlal for the computer pcof^eslofial 
of today. 

The teaching of oM^tlng is a unique ooc* 
puter profesttlon^ KDo^lng how to pcogr«Rf 
howeverf does tiotf in Itaslf, qualify a tsacher 
for teaching coioputer sclencs. Materials on irtiY 
and hov to teach computer topics included in T2.$ 
are invaluable to the teacher of coip^ting and 
should be included within & program of stu^br 
training such teachers. 

ConpetenCles C2.$ and C2.7 of ^ previous 
section sre regulrsd for those serving as oosputer 
rssource personnel for a school systea. These 
coipetencles should be galnsd through the ooi^ter 
sclenca program and the teacher preparation pro- 
grams. 31)e folloiring topics will assist in devel- 
oping the required cospetencles. 

T2.7 Advanced Ttoplcs in Cwuter Solsnoe t 
Includes advanced topics in co^uter 
organlzatlonf operating systewif srOhl- 
tecturei - database systemsl coaster 
c^asunlcatlons. 
T2.8 gQWPUters In Bduoatloftt includes 
detailed knowledge of learn ing/tesdiing 
research as it has IWllcstlons for 
sffectlve dselgn of institutional com** 
putlng system and adidnistrative uses 
of coiputing in our efticational 
flstting. 

Including atwlty of oo<^putera in education 
will Increase the teacher's ^lllty to asSMM a 
role of leadership In providing direction to s 
school system In integrating coi^ting Into its 
curriculum, fhls additional ooiputer background 
should allow the collating teaciher to act as a 
resource person to assist in fostering development 



and Ispleaentstion of coeputlng throughout the 
sdioolf sven when the other teachers know nothing 
of coi^tlng. 

3*0 t ffii>jectrgP»cific coaputinq competencies 
n— ded by tenders 

In addition to the set of unlverssl 
ooipetencies needed by all school teachers* there 
are additional level- and aubjsct*4>eclflc 
ooMpetsncles which tsadiers should have. Any 
teacher will require at Issst one of these* but 
no one of them will be universally appropriate 
for all teachers. The deflnltlcne of those 
ooMpetenciss spring entirely from the vast and 
hl^^ly diverse l^o^y of ^^rlence with using 
ooiVating in education over the last decade. 
dOttrces representing some of this work ate listed 
In the bjbllogrtpt^. ihe oompetsncies can be 
atated gwierallyf irrss^ective of the teacher^s 
eventual level of subjecti the topics* though* 
will vary omaiderably* dapping on both. 

3.1 t 0<»otencles 

In terse of these subject^specific 
conpetencieaf the teacher shouldt 

C3.1 be able to use and evaulate ths general 
capabilities of the ooiiputer as a tool 
for pursuing various discipline^ or 
level-i^eeific educational tasksi 
C3.1 be able to uae and evaluats alternative 
hardsars and software systems deal^hed 
to function aa tutors oi teacher aldsi 
C3.3 be familiar with Information and quan* 
tltatlve techniques of stud/ in the 
(teacher 'a) subject. 
These ooipetenciss should be developed by 
ths tsacher preparation programir tailored to suit 
the tralnee^s Intend teaching level and 
subject, we will not present an exhaustive l^t 
of topics correitponding to thsse sub j set* 
specific and level-specific oo^tanciss. 
Insteadf we will present model topics fOr a f^ 
selected subjscte end levels. 

3.1.1 t Topics of Study fbr feachera of Barly 

Childhood (PrlmaryLjSrsde^-l-i)- — T«; 

TmC3.1 Computer less mrepsretioft for oowi" 
tlng t ttcperlence ^ith ^ range of 
oo«puterless but coi^^ting-related 
actlvltlea that children can partlci* 
pate In to enhance their readiness to 
understand and work with coi^ters. 

1VC3.2 Games and flimnlatlens i Experl«)ce 
with a wide range of gamts end aimtOa* 
tions that stimulate chlldr«) to 
explore and better understand funds- 
mantel concepts and atrateglea of 
learning. 

TBC3.3 Tutorial j^^^utt Experience with 
ai^pla and ooi|tlex tutorial syatems 
focusing vpom matbematlcsf qpelllngf 
reading* and other elementery topicsf 
including bi-lingual variationa of 
such systems. 
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TBC}*4 Enploratorv progr^jilng gyateas i 
BKperl«ncf with Wftll -developed explor- 
atory systeoi t«beie chUd-appropriate 
I/O subsystems such as robots are pro- 
graxnatically manipulated by the child 
in a discovery or pr obi en-solving 
appioach* 

L«ss work has taken place In the area covered 
by TBP*1 than one might exP«ct* Despite the 
likely wide-spiead availability of microproces- 
sors in the imtdiate future^ oomputerless com- 
puting activities can still be very useful. By 
oontrsst nith heavily ma^ine^dependent activi- 
ties^ they provide a more contenplative^ less 
involved ^portunity to examine sooke of the funda-* 
mtntml itieas connected with coasting* fhey thus 
allow those using them to deepen their under- 
standiikg even if they have access to conputers * 
iVpical eitaiples may be found in some of Paipert's 
work in) and In Taylor (12)* 

VS&st qusntities of games snd simulations are 
available for IBC}*2^ but careful choices should 
be made in selecting them* Hany are not well-* 
written^ either from a programing point of view 
or from m child-^user point of view^ and no game or 
siiulation should be selected unless it succeeds 
in both areas. Sdme of the best work in this area 
at this age level came out of the People's com- 
puter Ooqpany under the Initial stimulus of 
Albrmcht iW* 

Kith respect tx> 1EC}*3^ thougt^many tutorial 
systems have been develcpedt not all of them sre 
good* n»e experience of the teacher should 
certainly Include at least one good systext and 
sole discussion of what lies behind it* The work 
of the OCC group under Suppes is certainly a 
worthy exantple in this category <14). 

Finallyt new exploratocy systems relevant 
for TO?3*4 are eppearingt but the pioneering work 
is stiU only for illustration. In particulart 
the X2R0X work which produced SHALLTAUt U3) and 
the LOGO workt particularly as Seymour Papert has 
advertised and sustslned it (16)t Is outstanding* 

Microprocessors can be the primary machine 
us«d^ but not so much that the trainee is left 
ignorant of the advantages of larger systems* 

3*2*2 I TXjpics of Study for Teachers of Foreign 
language ^ TPL 

iyU*l GfWte<j gnd Simulation S I Experience 
with a wide range of games and sijoula- 
ticns designed to provide cultural 
bade? round and Informal language 
learning^ using the culture as context 
and the language as the medium of com* 
lunication in the gfjoe or 8i>4Ul:>tion. 

jrFU*2 Tatorial Systems t Bxporlence ifith 
tutorial systems dej»igned to enhance 
the learning of a foreign language 
through a carefully arranged bo^ of 
Interactive experiences driven by com^ 
peten«y«based^ conqpuiar-admini stared 
testing* i-- ^ 

rcPU*} Foreign Language Text Editing i Expe- 
rience with a powerful text editor 



used to create and manipulate texts in 
a foreign language* 

Under IPL3*lt simulations based on relevant 
activities and situations in the language- 
culture can provide insight Into the langusgw 
difficult to obtain In other ways* fhesst and 
many popular computer games^ should also be used 
provide a more informal language practice for 
learners* This practice can take two formst il) 
translating and {2) informally using the 
language* Teachers should practice translating 
all user text* of appropriate games and simula- 
tions into the target languaget thus preparing to 
have their students do such translation. 
Teachers should also have wide eKperience with 
playing games whose text is entirely in the tar* 
get foreign language and which expect all player 
re^onses in that language* Such playing in a 
foreign language can be a valuable informal 
enhancement* Experience with a wide range of 
such games and simulations may also suggest new^ 
more appropriate ones which the teacher can 
create or have others^ including student St 
create* Some attempt to create such new material 
(or new variations of old material) should be 
part of every foreign language teacher 's 
training* Naturally^ where audio is availablet 
it should be aE^opriately used* 

There are many exaivles of language drill 
and practice suitable fcr use under TFL3*2* ttork 
such as that done by Suppes (17) at Stanford 
should certainly be familiar - to language 
teacherst thoi»gh alternatives certainly exist 
(18). Hork in this area Ahould rely es heavily 
upon audio and graphics as possible^ thus cutting 
down on the automatic tendency to always trans- 
late from the native language and to develop 
competence only in reading' and writing the 
foreign language* 

TFL3.3 should ensure that teachers use a 
suitable counter text editor to manipulate text 
in the target foreign language, ffith appropriate 
accent mark capabilitiest such editors can 
encourage language learners to practice much more 
prose writing and thus enhance their overall com-^ 
mand of the language* 

3*2*2 I TtoPics of atu4lt for Teachers of Fhyaioal 
Science TPS 

TPS3*1 fijcploratory Ptograaiing SvsteM t 
Experience with well-defined explora- 
tory systems through structured^ 
discipline-appropriate languages* 
Systems must include graphic capa-* 
bilitiest be prograanably control* 
labia by the students and be oriented 
to discovery through problem-solving 
activities relevant to the physical 
sciences* 

TPS3*2 Tutorial Svsteas t Experience with 
tutorial systems designed to enhance 
learning of the physical sciences 
through a carefully arranged body of 
interactive experiences driven by 



Us 



ACM Elementary and Secondary Schools SiA)commtttee 135 



^^•^ S2l SlJtilatlon* ftcperUnc* with 

itutd^AlonA 9«Mi «nd slaulatlons 
deftlgtMd tD fikh«hct undaritandln? ot 
«p«cltlc physical phtnoMtiui or slgnl^ 
tlcant ^patt Mp^rlM^ntA. 
TPS3.4 CUttoom/Labogitogy Hwqi^t i 
tMpfrl«no* with «uto«at*d MiU9««tnt 
ot pttopI«, Iwntii9f tl»«, and 
t««outoti lncludiii9 «utoeat*d Ifivm-^ 
tor r la9 , laboratory 
latorttatlcn/ratarance iyat«M} In 
g«naralf uMa ot tha oo«put«r to 
provide tfat iclanca taa^r with «ofa - 
tiB* to Morfc with IndlvlduiU. 
TP33.5 Data Ooll»ctlon and Anal3^ala > sxpa* 
rlattct with jyataaa which oollaot and 
anal^aa data Including on^Iina 
gathering and analyala ot toipvrlaantal 
dftta and procaat control lyatan* which 
coXIactf inalysa ind provide taa^cK 
to the lyataa. 
Tba poailbllltlaa uoder all thcaa toploa tor 
pfayalcal adanct taidmra hava baen axtenalvaly 
explored alraady hy Boric |19} ind othera t30}. 
Itialr caratul nork and well-dCcuMnted analyala 
ahould ha extended and inoocp^ated in the 
training ot pfayalcal telanca teacher a. Such 
training ahould include experlenoe with relevant 
axaiplei which llluetrate the three toplca; It 
ahould alto require each trainee to oonatruct 
ael»cted, aimilar, aftall Nodulaa ot coaputer- 
aupported initrtietlon aa a norBal part ot tiaoher 
training. 

Tbia piper hae addraaaed the computing ooape- 
tenclaa needed by pce-oollege teechera. thaie 
ooiif>eteflclaa are Hated in three grouplnga baaed 
on the inivplveient ot the tiacher in coaputer- 
related actlvltiea. Bacaaae of the fasiation of 
aubject Batter^ iapltnentaticn eicaaplia have been 
9lven tor teacbera o£^ gradaa 1-4 laarly 
childhood) , tor teadiera ot toreign languagea and 
toe teachara ot phyaical aclence. IbeM exaaplea 
are not »aant to be all Incluilve bqt to indicate 
the Lml ot nectaaacy backf round fcnotrledge. 

Betora 9raduatin9 trcai a teacher training 
progra«f all teachara ahould be required to 
acquire the tirat eat ot oo^tenclea and either 
the aaoond or third aet. Tbla requlramt will 
prepare each tetcber to^ ua« ooaputing in the 
olaaarCQB. 

Mo actii^t bi« been Bade to paefcaga the oob^ 
petinciaa into apecltlc couca«a. It la talt that 
aaob anvironaent will poaaibl^ require a dlttarent 
technique tor the introduction ot the Baterlal. 

Another group ot indlvlduala that need to be 
oonildered are the curr«nt In-^aerVlce teachara. 
the ooi^tenciea deacrlbed above are aa iBportant 
tor thee aa tor our tutura teachara. In-iervlce 
couraea Buat be developed to provide the indicated 
background tor in^wrvica teachara. 
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CAUSE PHOGItAM AND PBOJECTS 

Chaired 6y Lawrence Oliver 

Program Manager CAUSE 
National Science Foundation 
Washingtont D*C* 20550 
(202) 282-7736 



ABSTRACT 

Information^ about the Comprehensive 
Assistance to Undergraduate Science Educa* 
tion (CAUSE) program and a brief histor* 
ical overvi^ will be presented with 
emphasis on projects involving the use o£ 
computers in education* Kxemplary CAUSE 
projects will be presented focusing ont 
I) individualized testing using micro-^ 
processors; 2) minicomputers in under- 
graduate laboratory science education; and 
3) computer generation of instructional 
materials* 



PARTICIPAKTS (Listed in order of Presen* 
tat ion) 

A Brief Historical overview of CAUSE 
Cdnputer-'ltelated Projects 

Larry Oliver 

National Science Foundation 



Individualized Testing Using Micro* 
processors 

Douglas tteCohm 

Universitv of California, Davis 

Minicomputers in Undergraduate Laboratory 
Science Education 

Elisha tt* Huggins 
Dartmouth College 



Computer Generation of Instructional 
Materials 

Michael P. fiarnett 
Brooklyn College of CUNY 
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DATA BASES - WHAT AKE THEY? 

Arlatt DeKock 
University of Missouri-Rolla 
325 Math-KJomputer Sciettce Bid?* 
Rollftt Missouri 65401 
(314) 341-4491 



ABSTRACT 

This workshop will cover the three mAjor 
approaches to oorrent data base t.ystens* 
hierarachical^SODASYli^ and relational* 
The relative 'advatttaqes and disadvantages 
of each approach will be compared* In 
particular IBH^S Database System IMS# 
Cullittatte System IDHS# and Cittcom's System 
TOTAL will be discussed* 
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REQUIRED PBESHMAN COMPUTER EDUCATION IN A LIBERAL ARTS OJLLEGE 

David B. Hetmore 
St. Andrews Presbyterian College 
Laurinburg^ N.C. 28352 

(919)-276-36E2x367 



Computer education requires a defini- 
tion of the group to be educated, the fa- 
cilities (hardware and softwaure) with 
«hich the education is to be accomplished # 
the goals of the educational process; and 
the level and rigor of that process. In 
practice, the first two £actors often de- 
termine the last two. 

On the undergraduate level, there are 
three fundamentally different groups to be 
educated; potential computer scientistSf 
other science students # and everybody 
else. There is ame agreement on the 
needs of the first two groups. The needs 
of the Last groups the educated memb^ers of 
society who are not mathematically or sci- 
entifically oriented, are not so well 
defined. This paper describee the at- 
tempts, spanning a decade^ of one institu- 
tion to educate "ever^ody else." 

St. Andrews Presbyterian College i? 
a smaXl <60O student) liberal arts col- 
lege. In X969 we instituted a science 
courie required of all freshmen, "Selected 
Topics in Modern Science." This course is 
both the terminal course for non-science 
naj<»r8 and the introductory course for all 
icienoe Fi^jors. we felt ^t the ever in- 
creasing role of the c^puter in society 
required that we give alX of our students 
a famiXiarlty with computers. He decided 
that this could best be done by teaching 
them the rudiments of a programming 
language. At that time we had no interac- 



tive capabilities and all dur work was 
done in batch mode. Software constraints 
limited our choice of languages to PL/i, 
PLC, or FORTRAN. Most of Our students are 
not mathematically inclined, and so we 
chose PLC because of its string handling 
capabilities* 

Over the next seven yeare, until the 
acquisition of interactive hardware^ our 
computer education program evolved into a 
fairly stable system* As our present sys* 
tern is a direct response to our earlier 
experiences^ a relatively detailed des* 
cription of our old system follows. 

The program consisted of eight 
three-hour sessions held weekly* The 
average section size was about 25, and 
there were usually six to eight class sec- 
tions. During the first week there was a 
short introductory lecture^ £ollowed by 
the ideas of algorithms and flow diagram- 
ming, students were given a simple bil- 
ling problem^ its flow diagram^ and its 
program and were asked to punch up the 
program, run it, and bring their output to 
the next session. 

At the second session the printouts 
were disoussed^ with emphasis on the de- 
bugging process. Then non-formatted J/Ot 
assignment, and unconditional branching 
statements were introduced. The assign- 
ment toe outside work was to modify the 
billing program to handle multiple ous** 
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tomers by a loop and to write an^ run a 
program to calculate averages. 

At the third session we introduced 
arrays and conditional branching state- 
ments. The students were to modify their 
average programs to use arrays and also to 
calculate the average deviation of their 
set of values. In the fourth sedsion we 
held a review and then discussed comment 
lines and simple output formatting. The 
students* assignment was to rewrite their 
averaging program using comment lines and 
formatted output to increase the under- 
standability of the program. 

In the fifth week character strings 
were iiitroduced. The assignment was to 
produce a program calculating the average 
word length in a text. The sixth week was 
a cor^inuation of character strings. The 
homework asf^ignment w«i8 to write and run a 
program converting clear text into pig 
Latin. 

During the seventh and eighth weeks, 
each student was expected to design, 
write, and debug a progvam wh'.ch he felt 
might be usefpl to him in his academic 
career. Host students wrote such things 
as checkboo)r balancing programs, grade 
point average calculators, or simple sta- 
tistical packages. 

This educational venture was success- 
ful in teaching students the rudiments ot 
programming, the strengths and weaV-ic^sses 
of the coii^uter and something of thkt po* 
tential role of the computer in society. 
We were not successful in convl ^cing the 
students that the computer v^s a useful 
tool, however, as most of tlt^M never used 
it during the rest of nheir academic 
career . 

In 1977 we t>\)* chased a Digital 
PDP-11/60 compu^^r ^ith eight video termi- 
nals for 8tu^::n': use. During our first 
year wifh tt^xB system we did nothing more 
than ^^^xfy our former system by switching 
to BASIC and using the "TU7R* series to 
teach the language. The homework assign- 
ments remained unchanged, our work con- 
vinced us that there are certain attri* 
butes of an ideal cturriculum "or teaching 
everybody else abou^ ^^--iputer.^. I believe 
that there ^re six sue attribulbS: 

First, what is being done luost be of 
obvious applicability to the student. 
Many college frreshman are not mathemati* 
cally inclined and do not foresee any use 
to them of the computer as nu&iber crunch* 
er. 



Second f the system must obviously be 
computer dependent. In our old system, 
none of the assigned programs would repay 
the effort involved in writing and debug- 
ging the programs. 

Third, the material must be capable 
of ^gradual entry. New knowledge should be 
required in small increments. Although 
our original sequence was mo^lilfied quite 
frequently, we were never able to avoid 
one session in which ^the stuaents were 
overloaded with information. 

Fourth, the system should be 
word-oriented instead of number-oriented. 
Most students are more comfortable with 
words thdn numbers. For example, we found 
that interest in the computer increased 
dramatically when we started to work with 
chzucacter strings. 

Fifth, the system must have under- 
standable error messages. For beginning 
students a cryptic error message is prob- 
ably worse than a simple statement that an 
error has been consnitted. 

Sixth, the system must possess the 
attributes of any good tool; versatility* 
usefulness, resistance to breakdown, obvi- 
ous efficiency, and feedback to the user. 

We decided that the system which 
would best combine the attributes listed 
above was word processing. Word process* 
ing includes programs to write text* alter 
text, move text within or between files, 
and to format text. The systems are not 
only obviously coitiputer dependent, they 
are impossible without a computer. It is 
apparent that they will work with textual 
material of any length or complexity. 

The major advantage of word process- 
ing is its applicability'. A freshman at a 
liberal arts college knows that will 
write many papers over the course of the 
next four years. Any tool that will make 
that writint easier is welc<Mned. 

Word processing systems are usually 
designed for use by non-technical people 
and are structured so that much can be 
done with a fe^ commands. Additional ma- 
terial can be learned when its need is ob^* 
vious to the student. There -are no quan- 
tum leaps in knowledge requirements. 
Furthermore, because of th't users for 
which most word processing systems are de- 
signed , they are quite f ai 1-saf e t and 
their error messages are usually clear and 
self* explanatory . 
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He chose hOT^ a line-oriented editor 
ai our oditing system* EDT is not as 
powerful as other available editors, but 
it is characterized by simplicity and ease 
ojTuse* jtvTTO was chosen as our formatting 
program* xt is capable of straightfoirward 
formatting with a very few coinmands bub 
can be ueed for extremely complex format- 
ting jobs* 

The textual material used in the 
course is a 25^age manual consisting of 
the following information: 

Introduction 

Logging on 

Account security 

Overview of the programs 

Logging off 

Files and file naming 

Edi ti ng ft Program 

Entering the program 
Creating files 
lAriting files 
Appending tc files 
Error messages 
Editing, an overview 
Text display 
Finding text 
Adding lines within text 
Deleting lines from text 
Changes within lines 

Getting Hard Copy 

Text Formatting 

Introduction 
Case control 
Margin control 
Centering text 

Displaying Files 

Accoitnt Directories 

Spelling Checker Program 

Summary Table of Programs 



Each new student at St* Andrews is 
assigned a computer account* To use this 
account .'t is necessary only to* go to the 
computer center and ■ obtain the account 
number and password* Each Hay^ accounts 
are deleted unless the student requests 
that it be k^t* At present 230 students 
<37l of the student body) have active ac- 
counts* About 22% of the students not 
taking a computer science course or the 
freshman course have active accounts* 



The computer block lasts four weeks 
with four assignments. During the first 
session the Introduction of the manual, 
editing program through appending to 
flies, and getting hard copy are covered. 
The students* first assignment Is to acti- 
vate their accounts and write a file of at 
least 100 lines in two different sessions* 
The student must hand In a hard copy of 
the file the next week^ 

For the second week the reading ma- 
terial Is the remainder of the editing 
program section and the text formatting 
material. This material is discussed and 
questions are answered. The homework as- 
signment for the third week is to edit the 
file produced during the first week so 
that it will include formatting coinmands 
for case and margin control and for para- 
graphing. A copy of the edited file is to 
be handed in^ 

During the third meeting the rema- 
inder of the manual is covered, and each 
student is asked to bring to the fourth 
session an output file (formatted text) 
from the file produced during the second 
week. 

The fourth and final session is de-* 
voted to questions from the class and work 
with individuals* The homework assignment 
Iwliich is weighted twice as heavily as any 
of the others) is to hand in, within three 
weeks ^ a copy of a computer-produced paper 
submitted for grading in another class* 

An advanced word processing document 
is available in the college bookstore* 
The advanced document deals with addition- 
al features of the editing and formatting 
programs. This last year 174 students 
bought the required introductory text, and 
about 50 copies of the advanced text were 
sold. (♦) 

Student evaluation of the computer 
block has been favorable. In our usual 
term-end ev;.luation it received an average 
rating of very good. In past years, prior 
to word processing, the computer block was 
usually rated as good to fair. 
Furthermore, conversations with faculty 
members outside the sciences indicate that 
an increasing numft^er of papers in upper 
level courses are being computer produced* 
Thus, although we h^ve no hard data, we 
feel that we are having some success at 
our primary goal, that of showing all stu- 
dents the utility of the computer as a 
tool. 
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In addildoii/ we feel that word pro- 
c«ssin9 is an «xc6Xlent computer appXica- 
tiofi with which to show students the use" 
fulness, stren^ths^ and weaknesses of coni<- 
pater systms^ 



(d) Copies of the introductory hand* 
out nay be obtained by sending a sel£* 
eddreseed, salf^stainped ($0^70) large man-^ 
ilia envelope to the author^ 
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Onlver**'.y o£ Scranton 
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IHTflOOUCTIOH 

tlow much will an Individual's 
prQ9raraAln9 skills be enhanced by aa 
ability to present Ideas orally and In 
wrltlng7 There is auch aore to 
programming tnan just «frltln9 programs* 
Vet the empliasls In coaputliig and 
Information science curricula is on 
programming wltn little emphasis on many 
of the other essential tasks that surround 
and are Included In the prograouilng 
process, since 1975, we lidve been teaching 
a course that provides a broader vlen o£ 
software engineering. Tnls course, 
entitled Computer Projects^ Is an 
undergraduate degree requirement that Is 
taken In the senior year. AS part of this 
course^ students develop and document an 
approved project of their choice and live 
several oral presentations ds i#ell as 
several written reports. 

formally, these projects begin during 
the junior year. Tha projects can bo done 
In a variety of areas but must have a 
faculty \ sponsor. Students are encouraged 
to seek out faculty from other departments 
nho are Interested In using computing 
resources In some way to eicpand on 
eiclstlng projects. In any case# all 
projects must have faculty sponsors who 
are Interested In the projects. 

A key element In this course Is Its 
organisation* During the semester, each 
student must give two lectures about his 
project and write seven reports. the 
combination of the oral presentations with 
the written reports produces a total 
description of the project and makes the 
students aware of a more global picture of 
the programming p'^ocess as well as giving 
him a better understanding of the types 
of things that programmers and systems 
analysts do besides grinding out code. 

Subsequent sections of this paper 
describe the course and the rationale for 
varlour ltems_ that are Included and the 



reasons for the way «he reports are 
organised. 

COURSE ORGANIZATION 

TUe course Is organised around the 
presentation of student projects* for the 
first two weeks the students are given a 
general orientation regarding what is 
expected from them. During the neict three 
weeks the students make their first oral 
presentations which muat be be&wean 1$ snd 
2$ minutes long and provide appropriate 
general descriptions of ^ the project 
areas* The presentation should be 
directed toward convincing the audience of 
the Importance of the project j^nd the 
Impact It has on its environment. 

The middle three weeks of the course 
are spent describing the various methods 
that can be used in the remaining reports 
and the second oral presentation. Also^ 
the students a^e shown the 
Interconnections that should eiclst between 
the oral presentations and their various 
reports. The second half of the semester 
Is devoted to the second oral 
presentations. These are 40 to 51 minute 
presentations on the technical details of 
each project* This talk emphasizes the 
appropriateness of the technique selected 
to solve the problem. 

While the above seqaence Is occurring 
In class, the students submit reports 
about every two weeks. As a collectlonr 
these reports are supposed to form a 
complete description of the project. 

WE ORAL PftfiSENTATIONS 

Both oral presentations are evaluated 
by both students and faculty members 
present, students are greded on s vatrlety 
of factors such ss content, the use of 
visual aldes^ ^nd the approprlatenecs of 
the level of presentation for the 
audience. The first presentation Is a 2i 
minute survey of the area of the project. 
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i'tie ptirpo^o tiere is to acquaint tne 
dudiQiijQ wit»i tne problem area and 
convince tnem of tiie importance of tne 
project. 

Tue second presentation is a 4^ to 
minutQ pre^ientation on technical aspects, 
(lardv^are t data ot^i^ni zatiotir and 
algorithms. part of this presentation 
must include^ when appropriate^ 
structured walktiirough of a part of th*^'^ 
projtict. 

rne seven reports, tiSi^n taKen as a 
unitf ^ihould form a complete description 
of tUe pruj«.^ct. Content of tnese reports 
is a compromise between an ideal and wliat 
is realistic witiiin the time frame of a 
se^iie^ter. In all cases, the reports are 
judged not iost on their technical merits 
but also on tije organization/ grammar/ and 
spoiling . 

Report On^. Tills report is an 
extended abstract of the project and 
i^liould be about three to five typed 
doubl e-spaced t>ages long . fhe students 
art* told to relate this report to their 
first presentation. Specifically* the 
fir^t talk should elaborate on the general 
problem area waiXe tha extended abstract 
should only briefiy menf:ion it. 

ft t^port Tvjfo. This tnree page report is 
a requirements analysis. Here the student 
must describe the hardware needs of his 
project atid describe now h^ cazne to his 
conclusions. To O'^lp the students, a list 
of general questions is distributed. This 
1 ist includes; 

1. Waat resources does the project 
require? (Primary memory^ dlskr 
tapesr etc J 

2. Time requirements * What effect 
do various variables have on the 
time requirements? 

3. Terminals ' CftT, hardcopy* 
graphics* hign quality hardcopy 
-Which is ideal? 
-Wnich ate satisfactory? 
*Saud rates? 

•synchronous^ asynchronous? 
-Intelligent terminals/ etc* 

4. Program space requirements? 

5. Backup 

Heport Thr ee. TtiisMd a justification 
i document. The students assume that thoy 
are writing a document in response to a 
request by corpo ate management for 
justification of continued funding of the 
project. Here the students are required 
to <)efend the value of their project over 
the status quo. Explanations o£ details 



must be given in a tray vhich «iould be 
understood by a seAi*technical manager or 
executive. As a suggestion, students are 
told that they should produce figures that 
describe their project versus the status 
quof then emphasize how these data are 
arrived at legitimately. 

One purpose of these first three 
reports is to give students a chance to 
collect their thoughts .during the first 
five weeks of the semester. The rest of 
the reports demand a considerable effort 
on their part and require a thorough 
analysis of their projects. 

Report Four . This report is a 
collection o7~four analysis and design 
documents. The first is < systems chart 
in tha form of a tree structure that 
describes the top*down organization of 
thair system. Included with this chart is 
^ brief description of the purpose of each 
module in the system. 

The second part of this report is a 
data chart. The data chart is in thvet 
parts»inputf process^ and output. The 
input section describes the files used as 
input to the system along with the recor<3 
formats of inpiJt files. Bach item in a 
record is defined in terms of its type and 
what role it plays in the system. The 
output section describes both the output 
file and update files. 8y an update file 
we mean a file used both as an input and 
output. As in the input section^ aXi 
record formats and items in the record 
must bo completely described. 

The process section describes the 
typer bound, and purpose of every aajor 
variable used. This section is grouped 
first by describing global variables^ 
then common variables^ then a break down 
of other variables by nodule. 8y major 
variables^ we mean that, for the sake of 
brevity^ tiie students can selectively 
decide to limit the size of the data chart 
by not including all variables^ for 
example^ temporary storage and loop 
Indices. 

The third component in report four is 
a ^ta flow graph. Again r due to time 
limltaiionSr the students are not required 
to create a data flow ^raph of the entire 
system. Rather r they use several 
Important items and shov ^ow they are 
transformed and combined with other data 
to produce the results. The data fXow 
graph completes the systems chart in that 
tha systems chart shows the tree structure 
o£ a system. 

The fourth item in report four is a 
bibliography. This bibliography does not 
just state the references. Instead^ a 
brie f statement must accompany ^ach 
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reference describing the relevant 
information obtained from that reference. 
M^f. the bibliography ^oes not list only 
texts and periudicals. It also includes 
references to individuals wtio have 
provided infortaatlon or assistance. It is 
grouped as follows: 

1. T^xt References 

2. Popular Periodical References 
(Time to Creative Computing ) 

3. Techni cal Periodical References 
tall other periodicals) 

4. Individual Citations (persons 
who assisted) 

With report four^ we have a broad 
based view of the project. This report 
acts as a framework upon which the rest of 
the reports can be built and integrated. 

Regort Five. Report Five is a user*s 
manual ^ asually the raost difficult report 
for the students to write. The 
fundamental problem is that^they know too 
much about their project^ and they lack an 
appreciation of the difficulties that 
others encounter {especially those wtio are 
not experts in computing) in simply using 
the project* 

The key to improve this report is an 
emphasis on well^constructed . exantples. 
Even this is a problem^ however ^ because 
the students usually create unusual 
esoteric examples that are not typical of 
normal use of their project. That fs^ 
their examples are often like the horr ^le 
examples we find in manuals that are 
produced by the various computer 
manufactures. 

Another problem tnat is evident in 
this report is poor grammar* Xn order to 
correct this with a minimum efforts the 
students are told that the report is 
graded using the basics in struiik and 
Whitens Elements of style * AIso^ some time 
is spent oa some oT the basics* 

A final emphasis in this report is 
the importance of stating everything . 
Tliat iSf many times students assume that 
the readers of their reports have the same 
background and knowledge that the authors 
have. As such^ their report is not 
complete because there is still* a 
substantial amouat of Knowledge that is 
lockec up in their heads and not stated in 
black and white. 

As a complement to report four# this 
report explains the details^ critical 
elements/ and various interrelationships 
in the system. Here^ students are 
encoura94>d to find the weaknesses inherent 
in the various graphs and charts of report 
four . 



Report Six. Th is is usually the 
easiest report for tha students to write. 
They are so wrapped up in the tectmical 
details of tUeir project that ttie volume 
of material that can be included 
contributes significantly to tha 
generation of this report. However^ there 
are still problems they er>counter in 
construction of this report. 

Their biggest problem is one of 
organization. The students are often so 
wrapped up In the project that they don*t 
know where to begin writing. 
Surprisingly^ they find it difficult to 
use the sections of report four as aa 
outline for this report. Once they 
realize the usability of report four in 
^eneratin9 report six^ this report becomes 
well or^ani^ed and easy to read. 

Report Sevan . This report contains 
four sections.""fiie first sectioa consists 
of annotated and documented program 
listings. The documentation should 
explicitly indicate the connections 
between the code generated for the project 
and the various reports, section two is a 
Set of corrections to reports four^ five^ 
and siX/ wUi'^h allows students to modify 
these reports ^o stay in line with the way 
their system has evolved. 

Section three of this report is 
anither difficult section. Here students 
are required to make a critical evaluation 
of their system/ pointing out flaws and 
deficiencies bath in their overall design 
and implementation* Ttiis is followed by 
section four/ which describes what wtas 
learned through the project. Included in 
this section are recommendations for 
modifications/ enhancements/ and ideas for 
future projects* 

OdSERVATIOtIS 

There is no doubt that this <?aurse 
gives the students a broader appreciation 
of the entire hardware/software 
development process* If there is a flaW/ 
i^t is not in this course; rather/ it is 
that preceding courses do not require more 
of the development process so that this 
course will be less of a shock to 
students* 

Typical of the variety of projects 
that students have done in this course 
are: 

1. DeveIopi<dnt of relative and 
hierarchical data base 
simulations 

2. General purpose software science 
measurements system 

3* Pt'o^r^mmable calculator use in 
the physics laboratory 
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4* Oi)*llne Accounting laboratory 
5* An enhanced tidltor 
6* Grapnlcs: tc^ktronlcs - Diablo 
Interface 

7* GrapiUca: 3-D perspectives with 
hidden line elimination 
Software for forcastlng the 
universities financial status 
By allowing a broad collection of 
projects^ wd have obtained an Interesting 
by-product. Faculty from other 

departments^ as well as various 
administrative offices^ are more aware of 
the potential of our computing resources* 
Therefore^ despite a stable^ or slightly 
shrinking student population^ we have 
created an Increased demand for computing 
rtasourc^s. This has given us an 
opportunity to obtain tltu variety of 
computing resources that we ne^d to 
support our computer science program. 



Computer Science Education 



SYSTEIIATIC ASSESSMEHT OF rROGRAroaHC ASSlOttKENTS 



Jwly tl. Bldhop 
Conpucet Science Division 
Unlvet&ltf of tht Vltwcvtdccnd 
Joh»nneeburg 2001 

SOUTH AFRICA 
(tel. (ll)-39401l) 



The obvious vay to ae»eos a course on 
progrMwltis lo CO «oslgn narko co progravo 
vrlcceo by che dcijdencfl* fiowever* It Is noc 
^vldMC AC Che oucsec chac sysceiMClc «»ssainent 
10 fesslbls* Kor 1^ Ic necedtsrlly ap>arsac 
vbsc fescures che oatker shouU look for an^ £ht 
t^lghc to bt actc)4cue<l co chea* this paper 
explains a iMChod. cViac has besn used for four 
ysars ac two unlverelcles to Mark course work ac 
second year level* The experience gslnsd shows 
chac syscsBsclc assesaiDent Is posslbls and csn 
be ^sd CO provide guidance co scudencs as co 
What conscltuces a good progran. 

BACKCROUHD 

The second year course In advanced progratt^ 
aiog iBarron 19751 Is £he backbone of chs 
co^ucer sclencs degras sc boch che Unlvstslcy 
of Souchs^pton* Bbglsndf and chs Iftilverslt; of 
chs Wlttracersrandf Sduth Africa. Sines 1974* It 
hss hsen cau^c wlch the altt of turning ouc not 
jusc 3ood, buc sxcellsac progtsmsiars • Mke 
(Toonsn iWO]f ve fait that ths prlaary scudent 
ptodttcc of such s courss should be a singlet 
Isrge progrsoatng project^ epllc Into font 
saaller projects* ^o such projscts vete 
designed co be used In eltemste years* each 
requiring a cocal of about 1000 llnss bt Pascal 
{HnUlna 1974^ 1975}. Alchough e written 
axaalnatlon li required co test a full knowladga 
of data atructutlng and aorclng techniques, che 
bttlk of chs final «ark for the course Is dsrlved 
froB che project* Ac ths outaet* thsrsfors* Ic 
wss raallssd chat the siarklng of theae projects 
hsd to be of a higher atsndsrd thsn usual* 

Vsry little guldsncs In grsdlng csn bs found 
la chs lltsrsture* Abshlrs 11975] In his 
ochsrvlsa excsllenc sdvlce for teschetst sklrcs 
ths probltv, sl«ply stating ^Bstsbllsh s grading 
policy * ** Grade each program * * * Tall the 
acudenca your grsdlng policy*^ In psttlcular* 
hov doss ons neutrsUxs the effsct of subjsctlva 
fsctors such ss ths scndent's previous paxfom- 
aacSf his pressatstlon (nesc or Mssy)* snd ths 
prsfsrencs of dlffsrent oarkara for one or snothar 



scyle of progtan layouc? 

The aiechoda uaed to oatk che aaalgnaeaCo fot 
latge flrat year clasaae or avail chltd year 
classes do noc aaett approrlaca for a aedlu^ 
sl»d second yssr clsss (40-80 scudencs)* 
Frogran osslgnmsncs In a flrsc course csn* f^r 
chs aosc psrt, be asssssed by checking chsc chey 
work for cercaln ssaples of dacs Dtoonan 1979] 
alchough soM ceachsrs avoid chls spproseh and 
asssss only by a speclsl fom of «csalnaclon 
(Radue 1976, Trosibjatta 1979]* At che ochsr sttd 
of che scale, projeccs undercaksn by third ysar 
and grsduace scudants csn be looked st 
Indlvlduslly and narksd over s tdde rsngs of 
criteria (Sell 1979]* Second y«sr aaalgn»enta 
fall aoaetrttare la the middle* One needs co glvs 
Qsrks for good ptogtan and data design as wall 
aa for corracc raaulcst but che nusbers Involved 
preclude spending hours sgonlxlng over esch 
progrsn* In fscc, the projeccs ss ssc up 
rsqulre che flrsc thrss psrts to be hsnded In sc 
two weslc Incetvals* Each psrt bullde on ths 
nexc so chat It la dsslrsble thsc work handed In 
on Ftlday be necked snd rscumsd by Hoodey* So 
as not to rsly on ths li^osslble* snd slso 
bacsuas typically mem 40X of soluclons srs not 
handed In In flttaJL font, apaclMn solutions ste 
dlstrlbutsd snd students srs free co use these 
Instssd of thsir own In the next phsss* 
Kevsrthslessf speed Is « fsccot* 

As s final cjmpllcsclon, chs naclclng nay be 
ahatsd between two or three psople and thla 
nesns thst a standard nust be well deflnsd snd 
understood* Ihass thra's rsqulrtsencs of quicks 
sccurste* and equal narking led to cha design of 
the ayatenstlc Method prasanced hare* 

THE METHOP 

The vethod quite openly borrowa ftosi a 
technique uaed in Fascal co aake prograna pore 
raadabla* Inataad of working In nuadiara, a 
narking acheaa la aat up ualng words or phraaaa 
to deactlba the mmmMmmmmnt of the aoluclon under 
various criteria* Once all chs solutions have 
bsen BSrkadf weights srs ssslgned to ths words 
snd s flnsl nsvk cslculacsd* This nark Is then 
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coo^nd to the earlier estinat^a made or 
iQ^malona and tlit atrUtf eight bo r^derat^ one 
way or tba otber. Xh<t ntx atapa ar«; 

li Divide the Mlutlona Into five groups 

baa^d on cvldant output* 
2* Set up a ajid»ollc aarklog achene* 
3t Hark all the aolutlona according to the 
achaittt* 

4. A^alga iwlghta to the vorda uaed In 

marking. 
5* Cttlculata a nutt«rlc oark. 
6. Coi^ara tha eatlmted «ad calculated 

owrka and moderate If necesaary* 

1* RouAh Crogplna 

Divide the program* Into groupa according to 
th« avldant output* 

A* Fully correct 
B. Anavera partially vtong 
C* foc<mplete outputs perhaps with an execu- 
tion error 

D. Ho output - execution error In reading 
phaae 

tm Compilation errora 

Theae groups can be roughly translated Into 
the trsdltlonal clsase* as folltmBt 

A ; Tlrat (SO:^) (auleaa layout la 

horrible or a Igor it huts 
nessy or Inefficient) 

B^C ; Second 

or third (50%-79%) (the largeat group - 

rhould not get a Plrat 
or Pall) 

D i Third 

or fall (39Z-) {tricky gro^p - they 

ffuat be narked on 
criteria other than 
results) 

Z i Fall (49%*-) (depending on the level 

of the course^ these 
Might get tero) 



2m The Hftrklng_$cheBie {grading Polloy) 

A narking achene la devised by selecting 
five or nore criteria on irtilch the progress 
night differ^ for exs^le^ the algbrlthn^ design 
of outputs schlevenetttt and testing. In initial 
asalgunentat the crltarla vould aafphaal» polnta 
auch aa tteat progrtn layout or the correct uae 
of procedures and paraoeters. In later aaslgn- 
ncntat a quick glance at tha solution hsnded in 
vlll shotr Aether these lessons hsve been 
l«artisd and srs no longer vorth assessing 
bscsuse the standsrd Is unlfomly high. 

Ssch crltsrlon Is then ssslgnsd a Hat of 
bfttveen two and five poaalble valuea. Theae 
are neaningful iidjeotlves^ applicable both to 
the criterion and to the expected results. A 
typical achene vould ba: 



ansvers > (rights sone wrongs none^ 

still reading) 
output dealgQ « {as required^ 

Impravement poaslble^ shortcuts* 

unf omatted) 
algorlthn ^ (elegants competent^ average^ 

nessy) 

schleveoent « <aore than enoughs fullfllled 
requlrenenta^ gops left^ 
far too little) 

teatlng - (conplete^ partial^ inadequate) 

self-contained - (yea* no) 



5one connents on this achene are; 

1. If there are no answers^ the potential output 
design will still-be assessed. 

2m In a text fonnattlng problen^ ''shortcuts" 
would be given If^ for eatsnple^ fotttsttlng 
such ss centering or rlght*JuBtlfying was 
done by spacing to an ebaolute colunn ouaber 
instead of being baaed on the length of the 
line. "Unfotnatted*! would be granted when 
there la no centering or Justifying. 
Possible inprovenents would be anall things 
auch as leaving a line at the bottom of a 
page before printing the page nujid^er. The 
rating of the output design ahould not be 
confused with thst for schlevevents. 

3* The valuea given here for algorlthn have 
been found to be applicable only when the 
Qsrker is genuinely aatonlahed at the 
standard. A con^etent slsorlthn la one In 
which' 

- there are no redundsnt or out of place 
variables 

* control structures are used correctly (e.g. 
case^ not cascading If'a) 

- loops cover short ranges <l.e. if a loop Is 
iB^re than 20 lines long^ part of It ahould 
be in a procedure) 

* the intention of each line la obvious* 
with conoenta onl^ being necessity to 
indicate yet-to-be*lncluded sections or 
nodlflcatlona that night be considered. 

" the use of the language la quietly apt* 
avoiding over^slttpllf Icatlon and clever 
tricks alike. 
Host atudenta' algorlthna fall down aonewhere 
and are classed as average. A nessy pirogrsn^ 
can be recognized a nils offt 
4* At sone stsge^ one wishes to ev^hsslze thst 
procedures ahould be written* ae far aa 
poaalble* aa self-contained entltlea. Ihla 
does not Just nean that they should hsve 
local variables^ but that they could be 
called fron different contexts and atlll 
produce the aane results. This discipline 
is psrtlcularly Inportant In a course uhere 
one asslgnnent leada to the next* If 
procedures are not a si f -contained^ they will 
have to be altered before being lifted out of 
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one ptogtan Into anothet* 
S* The testing ctltetJon Is chete Co get 
scwients out of the hablc of handlTig In only 
one tun* Very oft^n Insttuctots ptefet a 
single tun because It Is leaa to tnatk, but 
In fact the opposite U true* It la ea«let 
to put the onus on the student to Illustrate 
Witdt his progtatn can do rathet than have to 
deduce chls Eroa the listing* 

Careful conaldetatlon intst be glVen to the 
Intetaction of Individual ctlterla* A ptlne 
exacapl'^ la that o£ teatlng vetsus achleveaieat* 
If a featute Is Included, such £S a test fot an 
unexpected end-of^ftle, then a tun showing that 
It uotUs should be handed In* This can lead to 
a progtda being glVen 

achievement *• fulfilled requltetsents 

testing - partial 
If ihe end-of~flle vas checked fot^ but only a 
tun with cottect datd vas handed In* On the 
other haDJ, a ptogtaqt that not laake the 

checli would get 

achievement * too little 

testing ■ complete 
because It had actually tested all that It could 
do* The valghtlngs fot these ctltetla (Step 4) 
uould be assigned such that the fltst ptogram 
would get slightly nore tnatka* 

3* llatklnc (jtradlng) 

The process of marking uses tuo tables* On 
the fltst. values for the crltetla In the 
lEtatUlng acheoe ate filled In for each student^ 
ulch the Ust two columns * "tnatk" and "calculated 
claas", belns U£t blank fot the zIm being* 
On the second table, the gteup la tecorded, 
alongside an "estimated claas" end a coonent* 
The cstttnated class teptesents ons'e gut 
teacrion to the atudenta' efforts, and Is as fat 
as many Infoteial loatklng ayatetna go* The 
conioent lists any televant factots that vould 
not show up In die narks and could be used at a 
latet date to explain botder-Ilne caaea* Typical 
table entries uould bet 

TABLE 1 





ANSUEKS 


jj* KuLllna 


right 



OlItFUT ULGORIXHK: 
as required] average 



{achieveI 

{ful.teqt 



contf 


TESTING jSELF-Ci 
partial j y«£) 

TABLE 11 


jKARK 


CALC*CLA5^ 


llfAME 

J. MulUns 


GROUP 


|est* 

! 1 


Gbod use of the language | 



ptogtatta lllusttate* The othet llsta th« 
Impottant polnta that should be coraented on Iti 
tutotlala ot In a handout. Including comovt 
nls concept Ions ot Inteteatlng apptoaches* 

4* Velphts 

Only at thle stage ate nuctetlcal Valuas 
assigned to the votds used In claaalfylng the 
atudenta' aolutlona* tach value In each 
ctlterla Is assigned a velght, to that the Uft 
hand values add up to the deslted naxlom 
flatkf Fot neat aaslgnnenta, a ttaxlmuB nf 20 la 
adei^uate^ Suitable weights fot the eavpla 
scheme above aret 



5 3 1 0 

answers * (right, soiMvrong, none^ still msdlng) 

5 

output design * (as tequlted, 

3 

ImptoVenent possible, 

2 1 
fthottcuts, mforoatted) 
6 5,3 1 <2> 

algotlthn ^(elegant, competent, avetage, aessy) 
6 

aehlevenent ■ (note than enough, 

5 3 
fulfilled tequlteaaats, gaps left, 
1 

fat too little) 
4 3 1 

teatlng * (conplste, psttlal. Inadequate) 
1 0 

eelfcontalfied (yea, no) 



The naxlffiuoi aatk In this schene Is actually 
tt>te than 20 bacauae slsgsat slgotlthaa end 
aLhlevenent ante thaii tequlrad should be 
tewatded by additional vatka* Tbssa scores 
could wall be cancelled out by the etudent 
falllttg down on eoae othet aepect, eudi aa 
teatlng* Hote that even the votat progtem wet 
get aooe natka (fot effort) eo rhar saro doee 
not appeer for every crlrerlon* 

5* Cleselfyltta 

Slaple euoMrlona give the ecrnal ifarka for 
the f Irar rable* Pros rheee, claeeee are 
aselgned ae follova: 



CLASS 


I 


HARK 


I 




164* 




70-79 


1W5 


11^ 


60-69 


12"13 


III 


50-^59 


10-11 


F 


20-49 


5-10 


FT 


0-i9 


0-4 



Two furrher lists are useful* One recorda 
the naoiea o£ atudenta vhoae programs at^* vorrh 
distributing and nores the polnrs that rhe 



6* Moderarlna 

In thle final atep the effott eo fer le 
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r«ward«d by conpsrlng Che ^Chree asseasiMiits; 
* Che rou£;h gr^^P^^ based on visible reaalta 

- Che guc raacClon clasa esClnate 

- Che Quirk calulaced on dcCelled crlC^rle* 

If Chere are violanc dlsagraeiDenCs batwean 
Che astlaacad and calculaCad claaaaa, che 
ttelehCldga should be adJuaCad first* AdJustnenC 
vaa ude In Che abofVa achese because a progratt 
iflch a vary naaay algorithm goC 16 marka and 
really ahould noC hava goC a flrac* Therefore 
peaay via given a velghcing of 1 instead of 2* 



I II-l 11*2 III F 

Hough 12 ( 24 conblned ) 9 

Estlwaced 11 ^^-v K ^ 

Calculated 12 *^ 3 ^10 ^ 6. lO 



The above Cable ahova a coi^arlaon from an 
acCual aaalgnnenC given Co 41 atudaata* Oaly 
oaa program In^rovvd ics rating on the 
calculaced nark, vtille eight vera deeoCed* The 
value of Che calculation nachod Is evident In 
ctiac close examination ahoved Cha cacinaCea to 
be fauXCy* Three programs In Group C had Clny 
errora and vould have vorked aoon* They vera 
eatl&atad ac II^2s* Then Che scheme ahoved Chat 
they had shortcut or itnforaatCad ouCput In 
addlClon and correcCly placed them In class 
III* On Che oCher hand, another C program had 
Cop marka for ouCpuC* algorithm and achlavamenC 
uhlch coQpenseCsd for Che allghCly wrong ansvera 
and Qoved the claas from a 11*1 (eatlmaced) to a 
I (calculated)* 

EVALPATIOB 

Although Che maChod Cskca a tfhlle Co 
describe, In prscClce Ic Is a atream- lined 
procaaa uhlch can enable 60 aaslgnmenCs of sbouC 
300 lines each to be accuracely aaaesaed In 
abouc twelve houra* 'Hie aeCClng up of Che 
achame Cakea abouC twenty mlnutaa and aaaignlng 
the weights abouc Csn mlnuCes* The groaplng* 
claaalfylng, and modaracing take abouC an hour* 
Given Chla Inveacmeatt Che Individual aolutlona 
can be mark«td In Can nlnutea each* This 
compares favourably with the norm of thirty 
mlnucea for an examlnaClon script* 

An Ifi^orCant advantage of che method la Chat 
It almosc ellmltiaces prejudice of any sort* 
Tha example abcva waa Caken from Che experience 
of a marker who la uaually quice generous and 
ahoved ChaC soma 20% of the eacimacea were too 
high* On the other hand, there are soma msrkera 
who equaCa "very good** VlCh 7 mt of 10 and 
have a menCal block agalmat giving fuXl msrka* 
With Chls scheme, they find that Chey can 
JuiClfy "compleCa** for taetlng In their mtnds 
and let Che calculatlona Cske csre of themaslvaa* 
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One of Che crlClclsma of Che method may be 
ChsC It does noC encoursge a fine enough nec* 
In nearly all casea* the valghCs la the above 
example Jump from 5 to 3 co 1* Thla Is 
InCanClonal* AfCer four yeara axperlence* we 
have found chaC one cannoC make the fine 
distinction beCveen an algorithm ChaC la 
excellent* vary good* good» fair or poor* Theae 
terms are Coo vague and are avoided In favour of 
conpetent, average and meaay, wlCh vhlch one can 
Identify a program ciore readily* Thus Che marka 
do tend Co be dlacreCe and caCegorlsed raCher 
than contlnuotia* 

Although Che meChod does noC provide any 
bulletin checka agalnac plagiarism* Che faac 
pace wlCh ^Ich programs can be marked meana 
Chac one'a memory la capable of dec acting 
aCrlklng almllarltles* In four years* one caae 
of genuine plaglarlam vaa detected and proven* 
Kumeroua almllar programa were found* but by 
raferrlDg to Che acheme. It waa eatabllah^d chaC 
Chey differed la dne or vopre ImporCanC d«Call8* 

Using Che mechod has deflnlCely Increaaed 
our understanding of what conaclCuCaa a good 
program* Aa a rasulC, our Caachlng has Improved 
and cerCalnly the standard of che atudeoC 
programa )isa risen over che yeara Co auch an 
extent ChaC we woultt disagree wlc;» Delmel and 
Fozefeky [1979] who sCaCe ChaC '^SCudenC^ltten 
programa accepted by cofl|>uter aclence InsCtucCors 
are usually Inferior to programa which exemplify 
curranciy-acceptad 'goctl' profasslonsl practice*" 
Our experience Is ChaC aCudenCa produce programa 
which are JuaC aa good. If noC beCCer* Chan thoae 
Id an "up-to-date programming shop*** 

Becauaa the symbolic acheme does not have 
acCual marks* Ic can be shown freely Co sCudenta 
so chst Chey know what Co aim for* The Cablea 
of deCalled evaluations are aXao Invaluable In 
countering queries about results because the 
words are all Chere Co explain why che sCudenC 
lose marka C^'g* shorCcuts, Inadequate teaClng)* 

COMCLUSICH 

This meChod of grading la Ideal for medium 
al»d clssaea where programming excellence la 
examined by practical work* It minimises the 
effects of prejudice and provided a balanced 
aasesament of the factora that are being 
particularly aCraaaed ac any one phase of che 
proJecC* IC Is adspCabfe to most Cypes of 
projscts and haa been expanded and uaed with 
auccess In more aenlor clssaea* It Increasea 
onea uodaracandlng of good programming and 
enablaa one to communicate Chls Co aCudenta In a 
handy way> Finally* and moat IvtporCanCly* It 
escsbllahes confidence la syatemacic aaaasamenC 
for both a;caff and aCudenta* 

ACICHrtJLElKgHEMTg 

The Advanced Programming courae waa deviled 
by David Barron of the UnlverslCy of Southampton 
and It waa at hla auggaatlon chaC rhls meChod of 
gradlntj waa dealgned* Thanka are due co the 
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classes of 1975 to 1979 vho responded vlth such 
enthusiasm to these Ideas* 

Abahlre^ Gsry^ "Techniques for Copputer Science 
Teacher8*% SIGCSE Bulletin 10 (4)^ 42-46^ 
Deceokber 197S. 

Barron^ D.tJ.^ "Design end Construction of 
Computer Progretts: A Course In Advanced 
Programming"^ Computet Studies Groupt 
University of Southen|»ton^ 1975* Revised 
197S. 

Delttel^ Lionel and Pozefsky» Hark^ **Requlrements 
for Student Program In Undergraduate 
Curriculum; Hou Mur.h Is Enough?"^ jIGCSE 
Bulletin 11 (1>^ 14-17^ February 1979. 

Uall^ Colleen^ **Thlrd Year Project Harking 
Scheme"^ Coii^uter Science Report^ University 
of the Wltvatersrand^ July 1979* 

Mulllna^ Judy^ **the Family Tree Project for 
Advanced Programming", Cos^uter Studies Group 
University of SotiChav^ton^ 1975* Revl^d at 
Computer Science Division, University of the 
Wltvatersrand^ 197S. 

Hulllns^ Judy^ "The Plsy Structure Project"^ 
Co^uter Studies Groupt University of 
Southaeipton^ 1976. kevlaed at CoPputer 
Science Division^ University of the 
Wltvatersrand, 1979. 

Koonan^ Robert^ "The Second Course In Computer 
Progratu&lng; Some Principles and 
Consequences"^ SIGCSE Bulletin U (1>, 
1S7*191^ February 1979. 

Raduet J*E. "On the Teaching and Evaluation of a 
PORTRAIT Service Course" SICCSE Bulletin ,S 
{2)t 32^35t June 1976. 

Tro&betts^ Mlchaelt "On Testing Programming 
Ability", SIGCSE Bulletin H, (4)» 57-60, 
December 1979. 
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Recent design methodologies based on 
the structure of the data and the develop- 
ment of data baae management systems which 
use a wide variety of data structures add 
weight to the iiv^ortance of data storage 
and processing. The fundamental role 
played by data stinictures courses in 
applied bachelors degree programs also in- 
dicates its significance (1, 2, 3). 
Associate degree programs that train 
students to be quality entry^level 
programers with sufficient background to 
adjust to new trends in data processing 
must provide these students with back- 
ground in both internal and external data 
structures (4). This paper describes the 
philosophy and content of such a course 
taught as part of the associate degree 
coniputer science curriculum at the 
Scran ton Campus of Pennsylvania State 
University. 

The objectives of the course are as 
follows: 

1) To present the structure and 
functional characteristics of external 
storage devices and their impact on file 
organization techniques. 

2) To present concepts of internal 
and external sorting and searching 
techniques. 

3) To present the advanced COBOL 
language elements associated with the 
above. 

4) To present the concepts of in- 
ternal data structures. 

5) To expose the student to the use 
of libraries and utility routines. 

6) To make the student aware of 
considerations in the design of data 
files. 

This course, titled "Techniques of 
Organization,** is offered in the first 
term of the students* second year. It is 
a three-hour course. Prerequisite 



courses from the first year are: 

1) 1st term. "Introduction to 
Algorithmic Processes,** This course 
emphasizes solving problems using the 
computer as a tool. The language is 
either WATFIV or PL/c. 

2) 2nd term. **Computer Organization 
and Programming!* This course emphasizes 
the binary and decimal instruction set of 
the IBM 360/370 Assembler Language. The 
objective is to get the student to see how 
the computer operates at machine level. 
This provides a solid background to make 
the student a better COBOL programmer and 
debugger. All programs are run on ASSIST 
[described in (5)1. 

3) 3rd term. ** Introduction to Data 
Processing!* This is not the usual course 
using this title, but a high-powered be- 
ginning COBOL course. As the students 
have programmed in two languages already, 
this course moves fast. It covers such 
topics as table handling, SORT verb, 
sequential files on disk and tape, and 
BEiPORT-HRXTBR. Emphasis is placed On 
programming style, documentation, and 
quality of code, structured programming 
is emphasized throughout. The programs 
are typical ijata processing problems. 

The students now have a solid, basic 
programming baclcground. Through the 
Techniques in Organization** course, this 
background will be reinforced while they 
learn to handle data in new ways. The 
material in this course is presented with 
an applications orientation and a minimum 
of theory. The objective is to give the 
student a working knowledge of data 
organizations and experience at using them, 
some topics will simply be introduced and 
reinforced in following courses. 

The order of presentation of the 
topics in this course is not always the 
same. The nature of the progrsaiming 
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assignments, shifts in emphasis due to new 
trends in data processing, and the makeup 
of the class itself all affect the arrange- 
aent of topics* These topicsf with 
approximate times in parenthesis, are: 

Topic I. Indexed sequential Files 
(1*5 weeks) A thorough worJcing knowledge 
of ISAM is expected* Some time is spent on 
the physical aspects of ISAM files so that 
the students are aware of what is physical* 
ly happening* The pros and cons of ISAM 
files and the options available within it 
are discussed* The elements of COBOL 
needed to process ISAM files are presented* 

Topic 2* Direct access files (I week) 
Both relative and direct files are covered* 
The concept of hashing is introduced. The 
pros emd cons of direct access files are 
discussed in relationship to the other file 
organizations* The cObOL elements needed 
to process these files are also presented* 

Topic 3* VSAM files (I week) VSAM 
files are discussed, with major emphasis on 
the K5DS format* The physical character- 
istics are presented and compared to those 
of ISAM* Comparison is also made at the 
COBOL language level between ISAH and VSAH* 

Topic 4* sorting (I week) External 
sorts are covered briefly* one or tvo 
techniques are looked at so that the stu* 
dent can see the nature of what takes place 
in an external sort* No attsn^pts are m^de 
to teach the student how to write an 
external sort* Internal sorts are also 
discussed* In the first year the student 
has programmed at least one internal sortf 
such as the bubble sort* Discussion here 
is held to the relative efficiency of such 
sorts in relationship to data set size* A 
sorting technique/ such as Quicksort, is 
presented as an example of a sort for 
largerf internal data sets* 

Topic 5* Internal Data Structures (3 
weeks) Problems are discussed that empha*- 
size some of the limitations and problems 
resulting from using only the basic inter-^ 
nal storage techniques covered in the 
language courses* This discussion leads 
into a working level presentation on linear 
lists, stackSf queueSf singly and doubly 
linked lists, trees, and inverted lists* 
Algorithms for handling some of these 
factors, as well as ways of manipulating 
and allocating storage for them in COBOL 
are examined* 

Internal and external data strLctures 
are compared* For example, a good tie-in 
of the similarities and differences would 
be an investigation of how a set of records 
that need a tree structure relationship can 
be stored on external files using various 
file organizations* By this time the 
students are getting a good grasp of data 
oraanization and its impact on -programming 
efforts f which should provide them with a 



good basis for what is happening in most of 
the data base management systems they will 
surely face. Such knowledge is essential 
to making effective use of these systems. 

Topic 6* searching (1 week) A short 
time is spent on various searching tech-* 
niques as they relate to the various data 
structures* This discussion further en- 
hances the students' understanding of the 
significance of storing data in different 
forms* 

Slotted with these six main topics are 
some othersf basically for programming 
purposes* Partitioned data sets are intro- 
duced to allow the use of libraries and the 
COPY verb* These libraries are created for 
the students, but the JCL and control 
statements for lEBUPOTE are explained** The 
JCL and COBOL statements to handle sub* 
programs are also presented^ 

The programnting assignments for the 
course are all done in COBOL* Students are 
given all needed JCLf but all elements of 
it are explained so they see the reason for 
each element of each JCL statement* All 
programs must be structured and completely 
documented* They are evaluated on quality 
and correctness* ^ 

Typical programming assignments are: 

Prog* 1* An input edit routine that 
creates a sequential file on disk of the 
valid records* This file is then sorted 
in a second step by calling the system 
SORT/MEHGC package via JCL* 

Prog* 2* An ISAH file created from 
the output of Prog* 1* Libraries and the 
COPY verb are introduced* 

Prog* 3* A report produced by sequen* 
tially processing the ISAH file from Prog* 
2* This assignment introduces the use of 
the lEBlSAM utility to allow keeping an 
ISAH file as a sequential file* (Students 
are not allowed to keep permanent files on 
our system) * 

Prog* 4* A random update, including 
adds, deletesf and updatesf processed 
against the ISAM file from Prog* 2* 

Prog* 5* A three-step program that 
createsf updateSf and produces a report 
from a relative file* 

Prog* 6* A program to implement the 
Quicksort algorithm discussed in class* 
This assignment requires the use of COBOL 
subroutines and stacks* 

Prog* 7* A program to build and 
manipulate a singly linked list* 

Some of the topics, such as direct 
files and treeSf are not implemented in 
this course* The next course, covering ad-^ 
vanced assemblerf advanced debugging^ 
utilitieSf and JCLf provides an excellent 

?lace for students to write programs using 
hese concepts* 
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This course covers a lot of material 
in a ten-we?k term. Care must be taken not 
to get too aeep into topics that don't 
merit the attention in relationship to 
other topics^ Creating more than one 
course for the material is difficult as 
there are only six basic computer science 
courses plus a projects course in our 
curriculum^ This limited number of 
courses results from the University's 
strong belief in the total education of 
the student and concirs with the guide- 
lines set forth by '.he ACM SIGCSE paper r^n 
associate degree programs <6) » 

A major problem with this course is 
the lack of a suitable textbook to cover 
such a broad range of topics. Most J30oks 
only cover a subset of these topics and 
even then tend to be too elementary or t;oo 
theoretical. The topic of internal data 
structures has proven to be a significant 
problem In chis area. Barrodale et al <7) 
has a nice approach for our applications 
level but is not detailed enough; most 
other data structures books are too de- 
tailed ane theoretical. 

This course has kept many computer 
science majors off'the streets a night or 
two, but the material and programs have 
provided a soll^l background for our 
graduates. They become productive almof^t 
immediately upon employment in such areaii 
as application programming and technical 
support. Several h; ve been able to use 
the course as a springboard into data ba^^ 
systems. This practical applications- 
level study of the area of data storage and 
organization has given them the experience 
and confidence to be quality [.members o- 
the data processing field and to adiust 
quickly to the changing demands of their 
field. 
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Tntcoductlon 

tflthln a few years evecy child In 
Ameclca Is likely to have at least one 
pecsonal computet. The potential impact 
upon schools staggers the imagination* ht 
the least, It Is likely to move the focus 
of education fcon end pcoduct to process 
and cals& visual and auditocy forms of 
information to a status clvalling that of 
vcltten language. Because ideas can be 
^cesented, exploced, and expanded by human 
inteiaction with the computet * computing 
is cectain to tcansfocm the schools fcom 
kindet^acten upwacds^ its impact will be 
as bcoad and deep as any intellectual 
innovation in cecocded histocy, including 
pcintlng^ In addition to tca<^ltional 
communication, teachecs and pupils will 



communicate through tae computet 
Immediately a^id dynamically^ In wocd^ 
plctucer and sound, with each othec and 
with othecs thcoughout the community whom 
they will nevec meet face-to-face* Thus 
the natuce of the communication will be 
tcansfocmed and the cange of pacticipants 
will be stactllngly enlacged* 

This stage of mass computet use was 
forseen yeacs agof it ac rives at last 
because computecs have been irtipcoved, 
made smallec ^ and pcoduced considecably 
cheapec ovec the last five yeacs. Yet 
many of the questions caised in the minds 
of those who foresaw what was coming 
cemain unanswecedi How will use of 
computecs a££ect the child's development? 
tfhat ace appcopciate languages foe young 
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children to use In talkinc; 
to computers? Whalf devices other than the 
traditional keyboard end screen or 
terminal/printer canr when attached to a 
computer, maximize its educational utility 
for the young child? What should teachers 
know about computers? How expert should a 
teacher be in computing to make reasonably 
effective use of it in teaching and 
learning? What is the teacher^s role in a 
classroom where every student has fr«e 
access to seductively engrossing computer 
power? What is the impact of computer 
gam«s on th« child and what rol should 
such games hav« in the school? When 
should the computer be used as a tool, 
when as a tutor, and when as a tutee? 

Little significant research has been 
done on most of these questions^ even by 
pioneers in computing and education^ The 
research that has been done focuses on a 
narrow subset of th« issues such as the 
e£fec^iveness of computerized drill and 
practice in arithmetic or spelling. There 
are few clear answers so farf often what 
are advanced as answers are little more 
than strongly held hypotheses. There is 
no ready-made curriculum^ even in outlines 
there are po coherent textsJ there is 
little available teacher training; and 
hhere is little public understanding of 



what changes computing might promote in 
education. 

Given all these unknowns, it a public 
school system takes the transforming 
impact of computing seriously, where does 
it begin? Who does what with whom, at 
what cost and with what type of success? 
Though little research has been performed, 
though many more questions have been 
raised than have been answered, and though 
nothing like a comprehensive intergration 
of computing into the curriculum has been 
formulated, the computers are here, 
exciting possiblities beckon* To do 
nothing is unthinkable* This paper 
reports one school system* s response. 

The Sf^-arflda1f> PrMffffh 

Two years ago students and teachers 
in Scarsdale, t)^, were doin^ little with 
computers. Three or four terminals in an 
old office in the High School offered 
computer games to a handfi!l of computer 
freaKs, the terminals were down as often 
as they were upt an^ nobody seemed to 
understand what the freaks were talking 
about* Furthermore, inflation and 
declining enrollment had taken their toll 
in the school system: summer school and 
driver education had been abandoned^ and 
other programs were threatened. The time 
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hardly seemed ripe for a brave new 
curriculum venture in computing or 
anything eXse. 

flovever the community does enjoy an 
enlightened citizenry and teaching 
faculty. Many were aware, however dimly, 
that computers vere transforming the 
society and that they ought to be 
transforming the schools as well. 
Accordingly^ in early 1^78 the Scarsdale 
Board of Education appointed a citizen's 
advisory committee to make recomm^ndationi 
concerning the use of computers and 
computing in the schools* The committee's 
reportt vhich ?ave the Board a platform 
for actioat recommended that computing be 
introduced into the curriculum throughout 
the school system and that appropriate 
steps be taken to purchase necessary 
equipment and to train teachers in its 
use* The committee also recommended that 
the district engage a qualified consultant 
to help in the effort « work began 
immediately. 

beJLiev6d the project should begin 
with the educat;ion of teachers '^s ^^any 
of themt system-tiidet as possible* Too 
nany school ventures in the past had 
foundered because iP'^re money had been 
spent on expensive equipment than in 
helping people prepare themselves to use 



it. Hovevert district history suggested 
that simply requiring teachers to take a 
nev in-service course would not accomplish 
everything* Grass-roots support, from 
both teaching staff and coimnunity t would 
also be essential if the project were to 
succeed* 

In the fall the District convened a 
steering committee consisting of about a 
dozen teachers and principals* Committee 
members were charged with keeping their 
colleagues informed of developmentst 
reviewing ^progresst drawing up statements 
of assumptions and goalst and making 
recommendations for the purv^hase of more 
equipment when appropriate, with the 
consultant, this committee reviewed the 
Advisory Committee report, made plans for 
the first in-service education efforts and 
decided on immediate hardware purchase, 

The committee swiftly acted ^o 
acquire hardware, both to have it 
available for the teacher training and to 
satisfy some long-standing student demands 
in the high school. However, the 
committee decided to limit first-year 
acquisition to a minimum in the belief 
that they could better make such decisions 
after they themselves had had a year of 
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training and eXperienc with computers. 
Because it was not cUar that any one 
microcomputer would be best for 
everything, a mixture was acquired^ four 
Apples, fi/e PetSf and one TRS 80. As 
anticipated/ the variety provided good 
experience in making later acquisition 
decisions. 

As winter approached/ Dr. Taylor met 
with all teachers in the school syste<a to 
provide an overview of contemporary 
computer technology and its implications 
for teaching and learning. (The teachers 
actually met in several groups rather than 
in a single block; English and Foreign 
Language/ Social Studies/ Art, and Kusic; 
Kath ^nd Sciencestand Elementary. The 
purpose of these overview meetings was to 
inform teachers about the long range 
prospects and to build their enthusiasm 
for beginning training. All teachers were 
then invited to participate in the 
in*service course scheduled for 8 two-*hour 
sessions throughout the winter months. 

There were three main objectives to 
this first courses (i) to introduce the 
teachers to the rudimentary concepts of 
programming/ (2) to get them over their 
fear and accustomed to using 
nicrocomputers/ and (3) to :^etter inform 
them of some potential us^s oi computers 



in the classroom. First/ FPL. an language 
developed at Teachers College to teach 
programming, and BASIC were used to teach \ 
the crucial elements of programming. 
Second/ scheduled use of the ten 
microprocessors was built into the course 
so that every teacher participating had to 
use them to finish the course. Third/ 
selected articles by pioneers of computing 
and education were read and briefly 
discussed. 

Formally/ the course was offered 
jointly by the district and by Teachers 
College/ Columbia University. The 
participants could take the course for 
Teachers College credit if they paid 
tuition, for local school credit if they 
paid the nominal teachers institute fee/ 
or for no credit/ without charge. Of a 
faculty of 330/ 122 enrolled, including 
several principals and the superintendent. 
By the end of this course in late spring/ 
one third of the Scarsdale faculty had at 
least some familiarity with computer 
programming and some hands on experience 
with a :omiuon microprocessor. 

Kcanwhile, meetings were held with 
parent*-teacher groups and with members of 
the local press to explain the purposes of 
the project uud to develop community 
support. When time came to prepare a new 

lf"n 



Integrating Computing into K-12 Curriculum 159 



school budgett the Board o£ education had 
no trouble in iv^creasing its appropriation 
for computer equipment and additional 
training. 

Determining the next steps was less 
easy. It is one thing to provide eome 
teachers with an exciting introduction to 
computingt quite another to modify an 
entire curriculum by integrating computing 
into it. The vision shared by the authors 
and the steering committee wae only 
generali computing should be incorporated 
into the curriculum. The problem was to 
refine this gene^^al goal into specific, 
detailed sub-goals. This task was all the 
more difficult because most members of the 
steering committee admittedly were not 
experienced in current computing 
technology let alone expert enough to 
predict what computers would be like two 
or more years into the plan when the 
curriculum changes might be realized. 
KeverthelesSf planning proceeded. 

To clarify what was underway^ three 
documents (Appendices At and C) were 
produced; a statement of assumptions^ a 
set of curriculum goals, and a rough plan 
for managing project activity over a 
four-*year periofl. Though almost 
immediately outdated by experience and 
eventSt these documents and the thinking 
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behind them were essential foundations for 
further thinking and for much of the 
action that made them obsolete. 

During the summer of 1979 a small 
group of teachers was paid to develop 
programming exercises for fifth and sixth 
grade children. (At this writing^ at 
mid-year, many pupils have already raced 
through this materials despite the fact 
that till quite recently it might have 
been considered strictly high-*school level 
material.) Based on the experience gained 
with using the first, mixe€ batch of 
microcomputers^ the district selected and 
acquired 19 more; 15 purchased from 
school funds, two donated by an outside 
agency, and two purchased by parent 
groups. Each school then had a minimum of 
at least two machines. More were placed 
in the junior and senior high school and 
full-time aides were hired there to staff 
a computing center in each. 

Throughout the school year the 
Scar^^dale Teachers Institute (the 
in-service education teacher-^runt 
teacher-serving program which jointly 
sponsored the first formal introductory 
computing course) has offered a series of 
mini-^courses in programming in BASICS 
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certain junior snd senior high school 
teachers (primarily in math and science) 
have begun exploratory use of computers in 
their classes; a concerted effort has 
been made to introduce computing and 
programming to all fifth and sixth grade 
pupils in their classes; a selected group 
of K-2 teachers have begun to explore 
dynamic graphics applications in beginning 
reading and mathematics in their classes; 
and formal in-service work of several 
kinds has been continuing* ht the same 
time^ planning for subsequent years 
continued on various fronts* 

Rhat has been accomplished thus far? 
To begin with^ nearly one third of a 
district faculty which two years ago knew 
little or nothing about computers now 
knows the rudiments of programming^ has 
lost most of its feart and is beginning to 
try new things* A small cadre of teachers 
has become enthusiastic and increasingly 
knowledgeable and gives promise of 
leadership in the years ahead* Many 
pupils from the elementary grades through 
the high school have acquired a beginning 
knowledge o^ the computer's capabilities 
and of their own capacity to get the 
computer to help them think* Cdmt>uter 
hardware exists in all the district's 



schools, with more to follow* And there 
is a broadening base of understanding and 
support of the project throughout the 
community* 

Any innovative project encounters 
inertia after the first enthusiastic push* 
Scarsdale now faces the problem of what to 
do about the two thirdti of the faculty who 
have not learned about computers — and 
what to do about the hundreds of 
enthusiastic children who have learned 
about them but must^ perforce^ be assigned 
to the classes of teachers who have not^ 
There is the problem of providing support 
to the willing teacher who is learning but^ 
who needs help* There is the ubiquitous 
problem of money and of acquiring hardware 
as rapidly as it can be used* 

And there is one others more subtle 
problem that must perhaps beset all such 
ventures in computer education until the 
shape of the future is more clearly 
revealed* Computers have the power to 
change the ways in which people acquire 
and extend knowledge^ just as writing 
changed such ways millenia ago* But until 
we know better how those ways will change 
and how a school should bo reorganized to 
capitalize upon those new ways^ computer 
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technology is in danger of simply being 
harne88ea for the pursuit of present goals 
within present modes of operation* To 
employ computers thus is to niss much of 
the revolutionary potential >«hey represent 
and to heavily damp the enthusiasm and 
insight they might otherwise foster in 
children. To finish by using computers 
for little more than enhancement within 
the traditional curriculum and the 
presuppositions implicit in it would be 
tragic. The challenge Scarsdale and every 
other school or school district faces is 
to be sure this doesn't happen* 

.The Goal 

Using computing to practice 
mathematics and language skills in 
traditional curricula is helpful but 
primitive^ almost like using televison 
primarily to display pages from textbooks. 
Serious questions must be raised about 
mere productivity of educational 
approaches which li^it visions of computer 
application to such narrow horizons. Some 
of the skills for which computer 
assistance is so easily designed may 
actually be of significantly less 
importance as computer access continues to 
increase. Bampered by ignorance, enticed 
by expectatioitt Scarsdale seeks a grander 
goal: to become so comfortable with 
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computing that our understanding of it 
will naturally reshape the way we think 
about everything. ^ 

Concluding advice to other school 
diatricfcg 

What might others learn from this 
project's successes and problems? He 
suggest the following: 

1} Begin with people^ not equipment. 
The ea^er person who wants the 
machine and is ready to employ it is 
more valuable and catalytic than the 
machine that no one understands. 

2} Develop broad support tbrou^out 
your community and teaching staff. 

3} Engage in on goin^# system-wide 
planning. Do not leave matters to 
an individual school or department 
or to an outside consultant. 

4} Use a consultant or consultants who 
can brin^ not only technical 
knowledge of computers^ but an 
understanding of schools and the way 
people use their minds and 
imaginations. 

5} Concentrate resources of time# 

moneys and attention on the project. 
In this way you can achieve a sense 
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of purpose and direction despite the 
shrinking you may be suffering 
elsewhere in the system* 

6) Don^t wait for the perfect computer^ 
current machines despite their costs 
and limitations are a perfectly good 
introductory device for teacher 
training and pupil experimentation* 
A great aeal must be learned now if 
better machines are to be well 
employed when they ao become 
available* 

7) Don't limit yourself to one type of 
machine; get experience with 
several* As cheaper, more powerful 
ones bow in, you will have a better 
experiential background by which to 
judge them* 

S) Find out what you can do vith the 
hardware as it stands^ then do it* 
Don't always wait for expert 
software; both teachers and 
children can learn powerful things 
from exploring a machine^s basic 
capabilities to plot, edit, speak, 
delete, and so forth* 
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Appendix A 
ASfiumptions re GompuhArB anri 

1) The influence of computing on human 

life and on the entire planet^s 
development will continue to 
increase exponentially for the 
foreseeable future* 

2) All pupils should be educat^ed to cope 

with this growing influence; as 
many pupils as possible should be 
educated to master computing and to 
use it creatively* 

3) Such educating toward computing should 

be general rather than specfic 
since hardware and software changes 
will continue to occur at such a 
rapid rate that specific training 
will rapidly become obsolete* 

4) Any human being of normal intelligence 

can understate the fundamental 
principles of computers and 
computing, can operate computers, 
and can learn to write simple 
computer programs* 

5) Pupils should begin learning about 

computers and computing from the 
time they first enter school and 
should continue such learning 
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throughout the grades. 

6) Pupils should also use computers as an 

aid to other studiesi in the 
huAianiti^d and social scicfnces and 
the fine art&i as veil ad in 
mathematics and natural science. 

7) Pupils learn to use computerd by using 

computers. The use o£ computers 
should be as thorougly integrated 
into the school program as the use 
of pencils or chalk* 

d) Computers are both an object and an 
instrument of learning* 
Traditionally we study t^riting to 
learn how to write 1 and we use 
writing to refine thought and 
express feeling, so too should we 
study computers to learn how to use 
them and use computers to extena 
and refine our thinking* 

9) If pupils are to learn about computers 
and computing, their teachers must 
learn about computers and 
computing* if all pupils are to 
learn about computers and 
computing* all teachers must learn 
about computers and computing^ 



10) Computer hardware will become 

increasingly less expensive, and 
both hardware and software will 
become increasingly available* 

11) Computers can serve as tutors, 

teaching us skills and information 
according to programs written by 
others. Computers can also serve 
as tools, analyzing data, 
performing calculations, and so 
forth* And they can serve as 
tutuees as we teach them to solve 
problems, compose music, etc. Each 
use has its place, but the most 
important is the last. 

12) Programming computers requires logic 

and precision. Pupils who learn to 
program computers practice logic 
and precision. 

13) The study of computers and computing 

does not run counter to the spirit 
of humane studies and the exercise 
of free, creative intelligence* On 
the contrary* it extends and 
deepens them by extending the power 
of the human mind and may foster a 
much needed dimension to our 
intelligence^ 
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Appendix B 
curriculum 

\ 

X* ?roin kindergarten through high school, 
^t increasing levels of 
sophistication, pupils should learn 
the fundamental principles of 
computers and computing* Some 
pupils should learn to write simple 
computer programs in elementary 
school; all pupils should learn to 
write simple computer programs 
before the end of their junior high 
school years* m grades 9 or lO 
all pupils should complete a 
one-semester course in computing, 
computer science^ and the social 
issues raised by computer 
technology* other high school 
computer studies should be oriented 
towards computer skills which 
students will n«sd in college* such 
as computer applications in 
numerical analysis and statistics. 

2* Prom kindergarten through high school 
pupils should use increasingly 
sophisticated calculating and 
computing devices as an aid in 
studying mathematics* science* and 
other subjects* 



3* Throughout the grades interested 

pupils should have opportunities to 
extend and enrich their knowledge 
of computer programming* in the 
elementary schols these 
opportunities might take the form 
of after-school workshops or 
special individual or group 
projects; in the junior high 
school* of projects^ mini-courses* 
oic club Activities; in the high 
■school, of specialized elective 
courses, projects, or club 
activities* 

(bow can we make this item more 
specific?) 

4* Interested high school pupils should 
also have the opportunity to study 
computer science* computer 
technology, and data processing* 
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Appendix C 
Currlculumj Poar-Year Plan 
197a-79 

Slftmentary: None< 

Junior Ri9h: Computer club plus? 

Biqh School: Computer Center open. 
Computers used in 
science courses. 

1st semester: Introductory 
Computer Course. 

Computers i Eaathematical 

application course 442 
- 1/2 credit, 1 
semester course. 

Computer used in 9th ^rade math 

Computer ciub makes much use of 
center. 



1979-aO 



Slemsntary: 



1. Three week mini-course for 

intermediate students 
rotates among five 
elementary schools. 

2. Consultant and 2-4 primary 

teachers work with K-3 
students. 

Junior Dight 

a, Each Sth 9^^«^ has an 

equivalent of one week 
mini-course on 
computers (hands-on) • 

b. each 8th 9^ader has two week 

computer/literacy 
course in spring as 
part of social studies 
curriculum. 

Ki^h School! 

Introductory programming (2 
semesters) • 

Advanced programming courses 
developed. 



Computers used in science courses. 

Computer applications in math 
developed. 

Independent study projects 
available. 

Computer Club active. 

i9ao-ai 

Elementary: 

Hini*courses for Sth/6th gradersf 

most have hands-on time 
with desk-tops during 
both years. 

Increased/experimental 
activity at primary 
grades. Units for 
primary grades included 
in social studiest 
science curriculum 
guides. 

Junior aigh: 

Units on computers in social 

studies technology 
units. 

Computer units in math courses both 
years. 

Active Computer Club. 

High school: 

All before continues. 

Increased computer use in social 

studieSt business, and 
science courses. 
19ai-a2 

Blementaryt 

Kini-courses for all 5 -6 graderSt 
all have opportunity 
^or hands-on computer 
work. 

Activities for primary grades 
included in social 
studies, science, and 
math guides. 

Junior High: 

Continuation of 1980-81. 
High School: 
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Continuation of 1980-^81* Expanded 
use of computers in 
non-math departments* 



jtaff Development; Four Year Plan 
First Semester* 

a* Consultant meets vith staff in 
various formats* 

b* Guest speakers meet vith staff* 

c* Committee reads^ discusses^ 
meets, and argues* 
Engages others not on 
committee in similar 
conversations* 

Second Semester* 

a* Consultant continues to meet 
with staff* 

b* Consultant teaches literacy 
course in Scarsdale* 

Faculty visits other schools to 
examine use of 
computers* 

Issuest What do ve want kids to 
knowt 

What learnings are appropriate for 
each age? 

flow ^o we best teach about 
computers? 

How do we go about organizing 
ourselves? 

How do we involve the entire staff? 
1979-80 

a* Consultant advises computer 

committee and others* 

b* Advanced seminar for those who 
had first course* 

c* Four session course on BASIC 
for novices and 
literacy graduates 
(Sept*/Oct*) * 

d* Follow-up mini*courses on 
educational 
applications & 
programming led by 
in-house staff (Nov* - 



February) » 

e* Course on graphics and music* 

f* Guest speakers - Computer 
literacy* 

g* Visits to other schools on an 
expanded basis* 

h* Social studies, science, and 
business faculty gain 
experience with 
simulation materials 
through 60CES course* 

i* Send one or two to computer 
repair school* 

j* Course On programming for CAI 
(2nd semester) * 
1980-81 

a* Consultant continues support 
group on computers* 

b^ One or two faculty take 
advanced college 
courses* 

c* Course in FOBTRANf etc*, 

offered to all with 
previous experience* 

d* Introductory BASIC course 

repeated for those with 
no computer experience* 

e* Release-time workshops for 

those with no computer 
experience* 

f* LOGO on the APPLE course 
elementary school 
teachers* 

g* CAI programming course* 

T ASKS 
1978-79 

1* Prepare statement of 
aspirations* 

2* Educate ourselves* 

3* Design structure to involve^ 
entire district. 

4* Plan and implement system-wide 
in-service program* 
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Plan 1979-80 computer budget 
(16,000) 

Gt Purchase 1979-80 computers and 
so f tware t 

7t Design courses at high school 
level t 

8t Plan 3-4 yr* purchasing 

program for computers* 

9t Design a mini^course for 

elementary students* 
197y-aO- 

It Continue system-wide general 
education* 

2t Provide follow-through 
in-service for 
teachers t 

3t Plan 19eO-ei budget (21,000 for 
hardware, software) t 

4, Make I9d0""dl purchases* 

&t Design courses at high school 
level t 



2t Continued expansion of 

curriculum offerings* 

3t Plan 1981-82 computer budget* 

4t Hake 19ai-a2 purchases* 
1981-82 

1. High School curriculum in 
place. 

2t Junior high curriculum in 
place* 

3t Elementary curriculum in placei 

4t Write computer scope and 
sequence* 



Pilot units at ju ior high 
level during 2nd 
semester t 



9* 

10* 

11* 
12* 
1* 



Pilot mini-courses at 

elementary school upper 
grade level* 
Bxperiment at primary 
level; expand primary 
level computer use, 
teach technology ur^it* 

Develop maintenance procedures* 

Integrate computers into 

expanded 5th grade 
technology unit* 

Integrate calculators^ 

computers into math 
curriculum* 

Search for and write grant for 
computers* 

Bxamine software * 

1980-81 

FOCUS in-*service on advanced 
courses* 
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INTEGRATING COMPUTING INTO K-12 CaRRICaLUM 



Beverly Hunter 

Human Hesources Research Organization 
300 Worth Washington Street 
Alexandria* Virginia 22314 
(703) 549-3611 

ABSTRACT 

Historically, schools and school dis- 
tricts have employed a wide variety of 
strategies to Integrate computer-related 
activities into the curriculum* Sever*. I 
such strategies are reviewed, based upon 
a national sample* The need for a compre- 
hensive computer literacy curriculum, 
K*12, is described* A plan to infuse 
computer literacy objectives and activ- 
ities into the tr'idit ioT^al curriculum is 
set forth. Implications of such a plan 
On teacher training and curricular mate- 
rials a^e discussed* 



Catherine E* Morgan 

Dept* of Instructional planning and 

Development 

Montgomery County Public Schools 
850 Hungerford Drive 
Rockville, Maryland 20850 
(301) 279-3321 

ABSTRACT 

C omput er -b a sed instruction in the Mont- 
gomery County Public Schools, a large 
public school system, includes ccmputer- 
assisted and computer-managed instruct 
tion, computer literacy, computer math* 
ematics, 3T>d problem solving, frhe inter- 
active use of computers for children 
begins as early as third grade while the 
management system In mathematics monitors 
individual studen^^ progress from kinder- 
garter . 
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ru:5DlHG ACADEMIC COMPUTlHfi PROGRAMS 

Sheldon Gordon 
Suffolk county Community College 
Selden, New York 11784 



Lawrence Oliver 
National Science Foundation 
Washington^ D.C. 20550 



ABSTRACT 

At most institutions, the single niost 
critical problem in the development, imple- 
mentation, maintenance, or expansion of any 
academic computing program Is lack of money^ 
This presentation will focus on a variety 
of possible solutions to this problem* A 
number of alternate sources of funding, 
inclining grants from private foundations, 
grants from government agencies, and 
contributions from local business and 
industry, will be discussed* Primary 
attention will be devoted to the most 
likely source of outsi'^e funding, namely 
governirant grants, especially those 
availabl' through the National Science 
Foundation. In pai^icular, details will 
be provided about the respective objectives 
and limitations on those NSF programs that 
would most likely sponsor various types of 



computer oriented activities. These would 
include CAUSE (Comprehensive Assistance to 
Undergraduate Science Education), LOCI 
(Local Course improvement), ISBP (Instruc- 
tional Scientific Equipment Program)* and 
MISIP (Minority Institution Science 
Improvement Progr^^l'y ♦ 

In addition, the preF;entation will 
include a discussion of some of the 
important do^s and don*ts connected with 
proposal writings and will relate them to 
the process of glr&nt review as conducted 
by the NSF» 
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TECHNIQUES PGR iHSTRUCTlGlflAL SOFTWARE 
DEVELOPMENT USING MICROCOMUTBRS 



Kevin Hausmann 
Minnesota Educational Computing Consortium 
2520 Broadway Drive 
St. Paul, Minnesota 55113 



ABSTRACT 

As microcomputers become more and more 
available and easy to use, more and more 
people will be designing and writing soft* 
ware for them* Before a project is begun, 

however, there are several obvious but ofren 
gotten considerations: 

1) Is this a reasonable application for 
a microcomputer? 

2) What are the limitations of my 
equipment? 

3) What modes of interaction should 
be used? 

4) What support materials may be 
required? 

Once the analysis phase is completed, 
the design and layout stage may begin. 
Design should center primarily on the 
organizational content and division of 
the material* Also at the design stage, 
one should consider the mode of presentation 
of the material* So far, all the time 
spent on the project has not involved any 
time programming the microcomputer* 

After the design is planned out, one 
enters the iriiplementatlon stage* 
Briefly^ some items to consider here 
include: 



1) Adequate spacing of material on the 
screen. 

2} Efficient movement between frames* 

3) Effective presentation techniques* 

4) Good ways to ask questi'^ns* 

5) Effective feedback for answers. 

6) Adequate arZ appropriate use of 
graphics and other special features 
of the microcomputer* 

After an application is developed and 
written, it is very important to adequately 
test the program. Hany times this is best 
done by watching someone use the program 
who ia totally unfamiliar with it* 

More detailed written matt±rial of this 
nature is available from the Minnesota 
Educational Computing Consortium, 2520 
Broadway Drive, st* Paul, Minnesota 55II3* 
Ask for the Apple Authoring Guidelines. 
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A riBTHOD FOR EXPERIMENTING 
WITH CALCULUS USING 
* COMPUTER-ASSISTED INSTRUCTION 

Frank Anger £ Alta V* Rodriguez 
Department of Mathematics 
University of Puerto Rico 
Rio PiedraSf Puerto Rico 00931 
(809) 764-0000 



INTRODUCTION 

The project which is the object of 
thi9 report was carried out in the la- 
culty of Katural Science at the Univer- 
sity of Puerto Hico^ Rio Piedras campus^ 
during the years T076 to 1979* The Na- 
tional Scienc. F^.^ Nation sponsored the 
project through its Minority institutions 
Science Improvement Program (M]CSIP) ^ 
making possible a wnole new aspect of 
instruction and learning for 1600 stu^ 
dents* Although the pi'^sent paper will 
concentrate on the computer- a ss.iTs ted 
instruction modul'^s developed for the 
introductory calculus course that we 
believe are innovative themselves, we 
must begin by describing briefly a fe^ 
points which make tnis project, as a 
vn-^Xe, unique. 

First of all, as the composition 
of the student body is that of the 
Spanish- speaking culture of Puerto Rico, 
the various materials of the project 
were produced in Spanish* lii addition, 
experience has shown that althouqh upr 
mantains a selective admissions policy, 
entering students are frequently defi- 
cient in analytic skills and in expe- 
rience with methods of scientific 
inquiry* Inadequate or, frequently* 
incorrect preparation may lead a student 
to frustration or failure when faced 
with laboratory or problem-solving si- 
tuations * 



Second* the project introduced or 
advanced sweeping changes in the curricu- 
lum. Rather than simplv paste on a little 
computer-assisted instruction (CAI) , we 
took into account the full importance ol: 
the computer to modern science and in 
particular to the working scientist. Thus, 
programminq was made mandatory for all 
majors in the faculty, CAI was introduced 
in all basic science courses, and inter* 
active computer utilities were made avail" 
Able. for students of certain advanced 
laboratories. In the calculus courses, 
greater emphasis was placed on the use of 
the calculator and on the numerical met^ioiT^ 
of calculus- 

Finally, the project created the Na- 
tural 5!cience Academic Computer Center 
headed by a member of the faculty and 
staffed exclusively by students. Rather 
than implanting a ready-made system to 
which students have recourse, we thereby 
created an organic extension of the stu- 
dents' environment, providing ther imme- 
*diate incentives for probing deeper into 
the uses and operation of computers* This 
last area has been one of the hiqii Doi*>ts 
of :he project. (4) 

THE MATHEMATICS COMPONENT 

The pro:}oct developed in an orderly 
series of stages, beqinninq with the 
training of staff, the search for appropriate 
hardware/ and various necessary 
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administrative measures. Although every 
part of the project seemed to be fraught 
with unexpected difficulties, the faculty 
as a whole responded more positively than 
expected^ and their cooperation along with 
that of various student assistants kept 
things moving forward at all times. In 
the Mathematics Department, the necessary 
changes and investment of time were the 
greatest^ since to '^his department .'^ell 
the full weight of training professors 
and implementing the new programming course 
requirement for the whole faculty. Ke soon 
realized that the applications in the dif- 
ferent discip*ines involved were better 
handled by tu^ new programming courses 
rather than by the old course (see Figures 
l.a and l.b) . The pre-medical and biolog- 
ical science students were better served 
with a programming course that would in- 
clude data gathering^ statistics, and 
examples in their own discipline. There 
are many packaged programs that# with some 
programming knowledge^ the student may 
easily adapt to his needs. On the other 
hand# the physics, chemistry^ and mathe- 
matics majors were to be taught more 
sophisticated programming^ also witV exam- 
ples fron these discipline;^. 

TO train more of the faculty members 
in PI//1# programming seminars were given. 
We chose the PI//1 language in particular 
because we believe that it is extensive 
enough that the student who knows it may 
teach himself whatever language the ma* 
chine he has at hand uses. Parallel tc 
this# the calculus course was divided 
into two courses; the first, as in the 
programming course# designed to serve the 
pre-medlcal and biological science stu- 
dents and the second to serve physics# 
chemistry, and mathematics majors (see 
Fig. l.a and l.b). These divisions re- 
spond to long-standing curricular tensions 
in a faculty in which about two thirds of 
the students will go no further in mathe- 
matics than the first semester of calcu* 
lus while the other third will need at 
least two or three semesters of more 
advanced mathematics- 

THE COMPUTER- ASSISTED INSTRUCTION FOR 
CALCULUS 

The major reason for the implementa- 
tion of CAI at the University of Puerto 
Rico was to combat a lack of analytical 
skills and to overcome, to whatever extent 
possible in such a limited program, the 
tendency toward rote learning and memori- 
zation as the basis of learning. I4e de- 
sired^ moreover^ ^o avoid doing with the 
computer what could be done equally well 
or better by more traditional methods^ 
with the possible exception of the one-to- 



One tutorial. Thus, Wfi souqht three basic 
things from each module; 

1. It should perform some graphic 
or numerical simulation of some funtla- 
mental process^ concepts or technique^ 

2. It should be hlqhly interactive 
and open ended# allowing the student some 
freedom to experiment with the concept 
under investigation. 

3. It should minimize the difficul- 
ties faced by the student using the com- 
puter. 

These objectives have much more ob- 
vious implementations in the experimental 
sciences than they have in mathematics, 
and we feel that there is still much room 
for exploration and development in this 
direction. Nonetheless it is herein that 
we feel much of the novelty and value of 
our modules lies. 



Hath 103 



4 credits 



Precdlculus I ^ Precalculos II 



Math m 



4 credits 



Math 2U 
Calculus I 
3 credits 



Figure l(a} Etevious Basic HitUkmatics 
S^ueiice 



Remedial 
3 

credits 




Hath 103 
' tVecaloulu^ 
3 credits 





Figure 1(b) Nev 
Basic Mathematics 
Sequeiice 



Math 200 
Calculus for 
Biology and 
JLfe Science 
3 credits 



Math 107 
Pcogramniiiif 
3 credits 



Hath 2ir 
Frogramrain^ 
with Statistics 
3 credits 



Hath 203 
Cklculus I for 
Physical 
Scienoes and 
Madi 3 credits 



Hath 216 
Programming 
3 credits 



Before the actual structure an<1 con- 
tent of the individual modules are 
cussed, it will be instructive to Jook at 
some of. the story of their developments 
At the* start of the project we vrote to 
numerous publishers and universities in 
order to obtain information on texts aiirJ 
already existing CAI for calculus couees . 
Although we then iounti some interestinq 
supplenietitary texts, it soon became ap- 
parent that very little ha'^ been done for 
calculus like the interactive programs 
that we envisioned. Algebra, statistics^ 
and linear algebra seemed to be the areas 
that had attracted the roost effort for a 
variety of reasons running from the size 
of the student populace to the appropri* 
aten^s of the material for programming, 
we found the nearest thing to our aspira- 
tions at Georgia Institute of Technology 
where Dr. J. C. Currie and a small qroup 
had developed some rather brief programs 
for illustrating limits# derivatives* ap- 
proximate areas# and other topics along 
with a driver program which we totally 
failed to appreciate at the time. (6) Far 
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more Impressive thln^e had been done for 
lo^lc at Ohio State University, for sta- 
tli^tlcs at University of Akron, and for 
non-ma themat leal subjects In many other 
places; we wanted to see something similar 
done for calculus* 

As we learned more aiK>ut the diffi- 
culties of compatibility ^nd transferabi- 
lity and thought more abouh the problems 
of translating whatever we found Into 
Spanish for our students, we leaned to- 
wards developing our own programs out of 
the many inaterlals and ideas which we had 
collected during the first year of the 
project* tfe had finally settled on buying 
a Hewlett-Packard 2000 System for its re- 
putation for fast response with a large 
number of users, to give us Independence 
from the laaln computer center with Its 
many large administrative jobs, and be- 
cause It supported coursewrltlng Facility, 
an approseimate Implementation of IBM's 
coursewrlter with available BASIC numerical 
functions* We had experimented with the 
latter language on UPH's IBM 370/145 com- 
puter and believed that It was a rather 
powerful tool providing the necessary 
structure for developing good CAI* We 
were eventually to come to grief with 
the coursewrltlng Facility, but we remain 
pleased with the rest of our systemi 
after many inonths of work In this lan- 
guage we found ourselves unwillingly 
forced to convert everything to BASIC, 
which Is now the language In which all 
our prograias are written* 

We arrive, then, at the modules 
themselves* It was for the calculus 
course of the hard sciences and mathema** 
tics (Hath* 205 In Fig* 1) that the CAI 
modules were produced* The various pro- 
grams which make up the entire CAI system 
In calculus are depleted In Fig* 2* 

Within the system, the student has 
complete freedom to choose among the 
different modules at any time, although 
he Is Informed In class when It ^uld be 
most appropriate to study each module* 
The manager program, which Interfaces 
between the student and the Individual - 
lessons, also allows the students to 
register themse.tves, avoiding one of 



the time consuming operations often as£!0- 
cl&ted with the beqinnl;ig of the semester; 
^e structure of this program is shown In 
Fig* 3* (Of course the security with this 
s'^^tem Is mlnxmal, but in our environment 
this Is not a problem 0 This same program 
maintains data on the total number of uses 
of each module by each student and the 
total nuinber of minutes of terminal time 
of each student* Three separate report 
programs have been written to produce dif- 
ferent usage reports for the teachers of 
each Ejection and for global evaluation* 
No data are kept on right and wrong res- 
ponses: It will become clear further on 
that such Information Is either not ap- 
"^l^llcable or Irrelevant for the majority 
of response situations presented* 

The general form which most of the 
modules Tollow Is given In Fig. 4* It 
must hfs remarked here that these modules 
are not In any way conceived of as re- 
placing the tesetbook or the lecture* ^ey 
are strictly supplementary and each one 
presupposes that the student has already 
been Introduced to the concept or tech^ 
nlque In his regular class work* Thus^^n 
the first part of the module there are ^ 
usually a few questions to find out If the 
student Is at all familiar with the mate* 
rial, and If not, to recommend that he 
learn more about It before go^.nq on* The 
eseamples which the computer presents are 
as much for the sake of familiarizing the 
student with how the computer output looks 
and how to later enter his own data as they 
are for Illustrating the material being 
studied* That Is to say. It Is esepected 
that the student will continue making up 
his own oseamples and Investigating the 
comc:)uter's responses and will do most of 
his learning during this latter esechange* 
Those students who stop after the prepared 
eseamples are not really likely to ^lave 
gained much* Fig* 5 presents the eight 
modules ana their content essentially as 
the manager program presents that menu to 
the students, esecept of course. It appears 
In Spanish on the screen* 



Httiuger Ptofttam 


[tbegistratlon 


Sign*on and 
Security 


({kffet Hewi «td Btanctilngl 


CalX«ct U*age 


' |31«ii-of{| 



tKe Eight ttodulga 
|l* VmO\Y24 miMBER)|3'*lJMIT 



lA* SECAHTlfs* GRAPH tF6^ CURVE I 



1 7* NEmOH[[8*AltEA| 



Figure 2* The Calculus CAI Ptogtans 
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Sign On 



Ji2- 




Enter 
00* t acc. 








' STOP ^ 












\ 


Usag 
i 






Chain back 



Figure 3, Manager Program Flowchart 



1, IHTRDPUCTtPN 

2. qUESTlP KS 



Does the student know enough to benefit 
from the module? jCf notj he may be asked 
to retun) to tlic text before continuing. 



IHTRRAC n VR The student partieipatefJ in 

working through an eydnple selected l>y 
the* vrngram. 

EXPERIHKHTATlM . Tho Student is given the opportunity 
to mak^ up and enter his own examplea in tue 
saa'i format as in 3 * *nie computer provides 
the necessary data and {Prompting* The option 
to rermin^te is otffered before eaeh example. 



Ki'^uri' Ccneval 5cheme for Modules 
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1. INTRO t Introdu(ie8 the terminal^ the 

keyboard^ and its traits* 

2. NtFHBER: Presents nutid>era4 rotind-aff^ 

and hov to read iDathematical cables*^ 

3. LIMIT ; Studies xioitd of rational functions 

with values that oake the denominator 
equal to zero (o) by the uee of a table* 

4* SECANT: Illustrates hov the slope of thesacant 
tends toward the slope of the tangents 

5* GRAF ; Calculates values of a given function 
and Its derivatives In order to help plot 
the graph. 

6* CURVE t Evaluates the function, finds th«i inter* 
cepts^ critical points^ and points of 
inflection of a pclinomial* 

7* NEWXOK: ' Finds tna roots of a ^iven polinomial 
using Kevton*s ttethod. 

8* AREA : Calculates the approximate integral by 
various nethods* 

7IGURE 5* the Eight Calculiie CAT Hodules 



Table 1> Calculus Mr>dvle Usags 





^ikiiiber of 
Sections 


Students 


Hunt^er of 
Students 
participating 


% of 
Students 
participating 


Modules 
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Student 


Average 
Total 
Minutes 


Tall 

78-79 


5 
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37 


25 % 


3.3 


65 


Spring 
78*79 


9 


270 


123 


46 % 


5.6 


84 


mi 

79-80 


7 


200 


67 


34 X 


3.1 


68 



Siblc Average of Responses to Module Quest lonn aire v 1978*79 
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The first two modules in fact have nothing 
to do with calculus* They are there to 
minimize the shock of dealing with the 
computer for the first time and increase 
the probability that the student will be 
able to successfully use the modules and 
interpret the results* Next comes a tdo-* 
dule on limits and then on the derivative^ 
both centered around investigating tables 
of values of the appropriate expressions 
in the neighborhood of a chosen point* 
There are no epsilons or tjeltas here/ and 
It islTPped that the student will get more 
of a feel for how varying values approach 
a fixed number* The next two modules deal 
with the use of the first and second de- 
rivatives to describe certain properties 
of the graphs of functions and to tjraw 
those graphs* It is our continuing diS" 
appointment that these modules contain 
very few graphs* Despite the fact that 
we had proposed to buy some graphics ter-* 
minals and even a plotter/ we were never 
able to do so. Several programs were 
developed to produce graphs with alphabetic 
characters but were never actually incor-* 
porated into the fivial ntodules* It is 
still not clear whether a graphing routine 
cannot make a straight line look like a 
strar'.ght line that will be very 
convincing for the students. The seventh 
module illustrates the !3ewton-Eaphson 
Method for finding approximate roots to 
polynomials, while the last module does 
approximate integration by three of the 
standard methods frequently treatetj in 
introductory calculus courses* 

To demonstrate the Implementation of 
the general structure of the modules as 
shown In Fig. 4, we shall discuss in more 
detail the seventh module; Newton* The 
introduction remirtd3 the student Of the 
objective and iterative nature of Newton's 
Method anrf requires him to recall the pre- 
cise form ot the iterative formula, using 
One of the very few nmltiple choice fonnabs 
in these modules* Once he gets that 
t;traight, the sample function, f(x) « 

is presented* The studeiit is di* 
rected to choose a starting value, x , and 
the coniputer then calculates, one ^ at 
a time on requo::i:/ x , x , until the 
student decides hhAt ^ ^ he is ready to 
say what is 'oot ^eing approximated* 
Upon entering his guess, he is either told 
it is not ^od enough and to look at more 
^^alueSf or that it is right/ or that it is 
close enough, but that a better value 
would bc*».Onofi the .student success- 
fully naned the root, the computer offers 
him the 'opportunity to enter a polynomial 
of his choice by entering, successively, 
the decree and the coefficients* 
The program then runs through the same 



sequence of steps until the student names 
the root being approximated with suffi* 
cient accuracy or until it becomes clear 
that the process is not co^iverging* (As 
you may expect, the only method the pro- 
gram has for determining the root is the 
same as Newton's ftefhod, so tha't in some 
untidy cases the coii^Uter gets it wrong, 
leading perhaps to some confusion* This 
sort of thing is, however, a constant 
source of difficulty in many of the mod- 
ules and in fact in all numerical methods* 
some care has been taken in the program- 
ming to avoid some of these pitfalls and 
to give some warnings in the text portions. 
The student manual, which offers various 
forms of encouragement and hints, also 
pointft out some of the aif f icultiesJ The 
student then has the option of tryinq for. 
another root of the same polynomial, en*" 
tering another polynomial, or terminatinq 
the module* 

!IESULTS OF THE CAI IN CALCULUS 

Throughout the duratiovi of the proj- 
ect, and continuing. now, certain evalu- 
ative procedures were used to assure some 
kind of objective information about par- 
ticipation, reaction, and effect of the 
CAI* The first of these, participation, 
was constantly monitoretj by the computer 
itself* Table 1 shows the percentage of 
the enrolled studentf; who actually used 
the modules to some degree or other, the 
average number of modules run by each 
student, ant} the average time spent by 
each student at the terminal during the 
semester* The relatively low use Is due 
principally to three factors » Foremost 
is the totally voluntary nature of the 
computer laboratory* Any such voluntary 
activity cannot hope to attract more than 
75% o€ a class unless it guarantees better 
grades^ Our modules offer no such guar- 
antee* Secondly, there were considerable 
difficulties during the first semest:er of 
19 7S'79 due to the delay in completinq 
the final home for the coaviputer center and the 
resulting lack of terminals and comforta- 
ble workinq conditions. At that time 
there also was no student manual, leavinq 
the students more or less on their own in 
attacking the modules. Finally, the pro- 
fessors teaching the various sections of 
the calculus course change from semester 
to semester, and there is a clear corre- 
lation between the enthusiasm of the pro- 
fessor for the computer laboratory and the 
students* participation* 

Student reaction was checked each 
»entester by a standard questionnaire dis- 
tributed in class and in the computer 
center* It was originally supposed that 
a student would fill out one of these 



IbV 



Mathematics 177 



questionnaires for each module that he 
used, but we soon decldeC that we should 
be content if we could elicit one overall 
reaction from each participating student. 
The results of these questionnaires are 
shown in Table 2, The reaction is clearly 
favorable, being most favorable on the 
Issues of "Interesting" and "would recom** 
mend it.** (Responses here were made on a 
scale from I to S, I in full agreement 
with the bottom description and S with 
that of the top.) The form used also in- 
cluded more direct questions over problems 
encountered in using the modules, and some 
of the students' comments led to correc- 
tions and minor improvements. 

The actual effect of the CAI on stu*- 
dent performance avd general understanding 
is oDviousIy the most difficult to measure 



(One fourth of the participating students 
ran five or more modules). One is temPtet^ 
to draw the conclusion that the students 
who used the modules most are the hard- 
working students; not necessarilv hiqhlv 
intelligent, but nonetheless successful. 

To conclude this discussion of the 
evaluation of the project's results, we 
would like again to recall that the ob*- 
jectives of these CAI modules and the 
basic philosopiiy used in constructing 
them are to overcome certain experimental 
and analytical deficiencies in the stu- 
dents' preparation (as well as to offer a 
challenge to the more highlv motivated 
students), and hence they are not directed 
at the routine type of problem solvincf 
that is prevalent on examinations* It 
wasf therefore, never expected that usinq 
the modules would be directly and imme- 
diately reflected in better test scoreSf 
but rather in a (deeper f long'-ranqe aopre- 
ciation of fundamental concepts and a 
more enquiring approach to attacking new 
material* Any correlation obtained be- 
tween exam performance in the calculus 
course and module use is therefore much 
more likely due to pre^^existing attitudes 
of the student than to the contribution 
the calculus CAI made to hisorher knowl** 
edge* The calculus is neither a ba^ o^ 
technical tricks, as it- is frequently 
taught to non-science majors, nor an ex^ 
e?:cise /,n mathematical loqiCf as it often 
appears in honors courses* It is a co- 
herent system of ideas elaborated for the 
modeling and analysis of certain clashes r^f 
phenomena; experience with so;ne of th«fse 
phenomena and with the way calculus pur- 
ports to capture these processes is neces- 
sary for anyone aspiring to scientific 
investigation or teaching* tfe hope that 
our modules make a start in the direction 
of providing some of^this experience, 

DIFPICTJtTIES AND WAHNINGS 

The creation and implementation of 
successful computer-assisted instruction 
is a major undertaking involvinq manv 
factors, any one of which is capable of 
nullifying many months of serious effort. 
Our project, which we consider to have 
been reasonably successful overall , did 
not escape from its share o^ mistakes stn^ 
frustrations/ and it still faces the dif-* 
ficulties of maintenance and imDrovement. 
The initial challenge is the selection of 
an adequate system of hardware and soit- 
waref unless one is locked into a pre- 
existing system. The choices todav are 
far wider than they were three years ago, 
and serious consideration must be given to 
microcomputer systems as well as to minis 
and main frames* Although our mini 



of the three parameters/ but perhaps the 
most important. We have made two formal 
attempts at measuring this. The first of 
these was in the second semester of 1977-78, 
when we set up non -participating control 
sections for comparison of results* Due 
to a plague of difficulties, many relating 
to the piroblems which led to giving up the 
Coursewrlting Facility, it became impos- 
sible to gather any reasonable data* The 
second attempt was made at the end of the 
first semester of 1978-79, At that tir 
a study was made comparing certain in- 
dices of calculus students who had actually 
UH06 some of modules. These indices were 
their SAT scoreSf both achievement and 
aptitude, their final grade in calculus, 
and the number of modules used* In this 
small sample, no actual statistical cor- 
relation could be established/ but cer- 
tain tendencies were apparent, Fbrexample 
(see Table 3) f all the students who used 
five or more modules obtained a grade of 
C or better in the course/ while of the 
students who used five or more modulesf 
only one had obtained better than 700 on 
the SAT math achievement. 



Table 3. Cooipatlsan of Hodule Usage 
Course Gtdde, and Previous Aptitude 
and Achievement Test Results 
Fall Setnestet 1978-79 
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computer, the HewIett^^Packard 2000 System, 
has functioned well in our environment, 
its upkeep may be too great for a smaller 
Instltutlonf or capacity too limited for 
a more anJ^itious projects The lack of 
special symbols on our terminals (H-P 
2640B) , such as integration signs or even 
Iower--case letters, puts undue strains on 
progrannners and users alike » The mathe* 
matical symbols as they appear in texts 
and are used by the teacher on the board 
are important for a quick understanding 
of the material and for adequate rein- 
forcement* For example, im DX needs 
much more attention than 
does the usual expression, |x^dx* Related 
to this point is the ability of the ter- 
minal to recall previous pages of material 
(terminal memory), or careful programming 
to imitate this ability » Although all our 
terminals now have memory/ at the outset 
of the project they did not, and we found 
this situation much less flexible and more 
demanding ^ 

Problems with software can be more 
Insidious » It is not easy to find out 
from salesmen exactly what a computer or 
a software package is capable of doing/ 
particularly in the area of educational 
applications, we began, as mentioned 
above, with IBM's Coursewriter which is 
an especially designed system for CAI 
and its management. We soon discovered, 
however, that it is incapable of doin^ 
any kind Of calculations other than in- 
teger arithmetic. This can be overcome 
by begging/ buying. Or writing assembler^ 
language functions to increase the power 
of Coursewriter/ but this solution we 
found to be palniful and restrictive. H-P/ 
On the other hand, allows these functicns 
to be added to their Coursewritlng Fa* 
cility via simple BASIC programs, to a 
large extent this is what sold us on the 
system we bought. Several months later 
we gave up trying with the Coursewritlng 
Facility and converted to BASIC. Com- 
plications in the compiling procedure, 
bugs in the management facility, and 
system crashes occasioned, at best guess, 
by the many needed disk accesses finally 
wore down the patience of even the most 
stalwart among us. Of course/ BASIC Is 
an entirely adequate language for most 
CAI ( consider its transfer** 
ability/ by far the majority of the 
available CAI packages are in BASIC), 
but It does not encourage the same kind 
0^ careful organization and answer pro- 
cessing as do Coursewriter and other CAI 
languages . 

Some of the other components that 
can, and hence will, go wrong are; inade** 
quate physical plant/ too few terminals 
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improper scheduling of student usaqc^ poor 
response time when the computer is busv/ 
and. Inevitably, equipment failure. While 
it is idle to suppose that one can avoid 
all of the problems and delays that typ- 
ically arise/ careful cons ifterat ion can 
avoid many of the difficulties. After 
all, you can not change your computer sys- 
tem with the same frequency and ease with 
which you have been chanqinq vour calculus 
text over the years! We hope that as the 
advice and experience of a large number 
of generous and helpful people helped 
guide us through the vagaries of this 
project, so some of our experience may 
contribute to future endeavors of this 
nature 
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INTRODUCTION 

The course described in this paper sup- 
plements a standard course in finite math- 
ematics with computer applications^ It 
was developed with the following goals in 
mind» Firstf since the course is offered 
to students in engineering or mathematics 
currZ-^uIaf it was the authors' hope that 
the computer applications would increase 
student interest and motivation as well as 
head off the common cotnplaints about the 
irrelevancy of abstract mathematics 
courses. Secon'df it was felt that the 
computer assignments would lead to an In-^ 
crease in the student^ s proficiency in 
programming/ which would prove benefi*- 
cial in his later mathematics and engi- 
neering courses. Finallyf it was hoped 
that the student^ s grasp of certain top- 
icsf in particular probability, would be 
enhanced by the computer assignments. 

Three sections of the course were 
taught to a total of 51 students in the 
spring semester of their freshman year. 
Each of the students had received/ in the 
fall semesterf at least 4 hours (contact 
hours, not credit or semester houre) of 
instruction in BASIC. However, most were 
far from being competent programers f and 
the authors are convinced that our course 
could be made self-contained by beginning 
it with 4 or 5 lectures on BASIC. We 
started our course with a diagnostic test 
on BASIC and followed it with a one-day 
review of BASIC. We resolved to discuss 
programming only as specific problems a-* 
rose in connection with computer assign- 
ments and spent no more than an average 
of 15 minutes class time per week on 
programming. Eight computer assignments/ 
timed to correspond to the material being 
covered in clasSf were given. Each as-* 
signment was to be completed by its as-* 
signed deadline/ which was between one 
and two weeks. These assignmentSf in to^ 
talf were counted as an hour test (15% of 



the final grade in the course). No comput<- 
er work was included on hour test^ or the 
final examination. 

The computer assignments were executed 
on an HP2000 computer through 8 time-shar-^ 
ing terminals in three locations on campus. 
Howeverf a group this si^e could easily 
have been accommodated with as few as three 
terminals (perhaps fewer with proper sched- 
uling) . To provide help on the computer 
assignments/ each of the three instructors 
was available for a one<-hour scheduled 
help'-session each week. Each session was 
open to all students in the three sections 
and was conducted in a computer terminal 
room where five terminals were available. 

One restriction on the course/ placed 
by our department/ was that none of the 
core mathematics content of the course be 
deleted or diluted in order to accommodate 
the computer work. We believe that we sat- 
isfied this restriction/ even though cer'- 
tain introductory topics from chapters I 
and 2 of the course text (I) were omitted 
from the syllabus to provide the additional 
time required for the computer assignments. 
The time gained proved more than adequate/ 
and in addition to the computer work we 
were able to give a reasonable treatment of 
linear programming/ which was not in the 
original course syllabus. The major topics 
in the course were set theory/ discrete 
probability (including Markov Chains and , 
stochastic processes) / matrix algebra/ sys'- 
tems of linear equations (including a 
Leontief model in economics)/ and linear 
programming. The text loaterial was chapters 
3/4/5/ and 6 (I)/ but there are numerous 
textbooks which offer similar coverage. 

The course was evaluated in two ways. 
A student evaluation form was completed by 
each student at the end of the course/ 
which provided some insight into whether 
the goal of increased interest and motiva- 
tion had been achieved. More formally/ we 
compared the performance of the students in 
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the computer -supplemented course to thar of 
students in the standard course^ A laroe 
part of the final examination which was 
given in our course had been given to sev- 
eral earlier sections and one concurrent 
section of the un supplemented finite math- 
ematics course^ To test our hope that 
comprehension of some of the mathematical 
topics would be enhanced by the cotnputer 
workr we compared the scores of the stu- 
dentst in the standard course with the 
scores of the students in the coroputer- 
su^^plemented course for the relevant sec- 
tions of the exam» Results of these evalu- 
ations are discussed in section four of 
this papers following a discussion of some 
of the computer assignments in sections two 
and three » 

COMPUTER ASSIGNMENTS IM PROBABILITY 

The first five of the eight conputer as- 
signments were related primarily to proba- 
bility theory » Four of these five were 
simulations of probability experiments^ 
One assignment was a program to compute 
combinations and permutations and use 
these results, in turn, to confute the prob- 
abilities of certain events^ 

The first program was simulation of one 
hundred tosses, one thousand tosses^ and 
then ten thousand tosses of a fair coin» 
It was In this assignment that the stu- 
dents were introduced to the random number 
generator and its vital importance in sim~ 
ulating experiments^ Also, we indicated 
the need for a test condition to translate 
the value of the random number generated 
into an outcome for the experiments For 
example, since the random number generated 
is greater tlian or equal to zero and less 
than one, declaring the outcome as heads 
if the number is less th^m 0*5 is a simple 
and reasonable way to simulate the tossing 
of a fair coin^ 

The second assignment used the random 
number generator introduced in assignment 
one for a more complicated simulation^ 
The experiment was rolling a pair of un- 
biased dices The student was reminded that 
the outcome of one die is independent of 
the outcome of the other^ and the outcomes 
2 through 12 must be generated in conformi- 
ty with their natural frequencies* The use 
of the integer function INT was introduced^ 
The outcome of one die can be simulated by 
generating a randofn number^ multiplying it 
by six and adding one, and then taking the 
greatest integer (INT) of this results 
The outcome of each die is generated inde^* 
pendently^ and the two numbers are added 
together to obtain the outcome of the esc- 
periment* Assignment two consisted of 
running 100, 1000, and then 10,000 trials 
of the experiment and approximating the 



correct probabilities of the various out^ 
comes^ Varying the number of trials was 
intended to convince the student that the 
larger the number of trials, the closer 
the approximating probabilities reflect 
the true probabilities obtained by analyt- 
ical methods in the classroom^ 

The third computer program was a simu- 
lation of the classical Buffon's Needle 
Problem^ It is both easy enough to simu- 
late on the computer and difficult enough 
to defy solution by the analytical methods 
studied in finite mathematics (although it 
can be solved by integral calculus) » The 
student is thus introduced to the main 
value of simulation — solving problems that 
cannot be solved by other means^ In 
Buffon's problem, a needle one unit in 
length is dropped on an infinite grid of 
vertical lines^ The probability that the 
needle touches a line is the desired quan- 
tity» For our experiment the lines were 
two units apart^ In order to accurately 
simulate the experiment two independent 
random numbers must be generated, one to 
obtain the angle the needle makes with a 
horizontal line and one to obtain the lo- 
cation of the center of the needle between 
two lines^ The test condition to determine 
a hit or miss amounted to comparing the 
projection of the needle on the horizontal 
line to the distances of the center of the 
needle from the adjacent vertical lines 
IS)* The student was required to compute 
the approximate probability that the nee- 
dle hits a line for 100, then lO^OOO simu- 
lations of the experiments Incidentally, 
since the exact probability is l/vr, we 
asked the student to compute the recipro- 
cal of his approximate probability to see 
if he would recognize this answer as an 
approximation of it* 

Assignment four involved programming 
algorithms to compute C(n,r) (the number 
of combinations of n objects taken r at a 
time) and P{n,r) (the number of permuta- 
tions of n objects taken r at a time) and 
using these algorithms to compute |>roba- 
bilities^ for example the probability of 
getting four aces in a seven-card poker 
hand* One by-product of this assignment 
is the lesson that computers have practi- 
cal limitations^ The largest factorial 
that could be computed on our computer was 
33!* Therefore^ the student was forced to 
develop a more sophisticated algorithm to 
compute C{48,3)/C(52,7) (the probability 
of four aces in a seven-card hand) than 
simply computing each of the factorials 
first and then performing the division » 

The fifth assignment had three partst 

(1) the simulation of 3000 World Series 
between two evenly matched baseball teamsf 

(2) th-^ simulation of 3000 World Series 
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in which one team had a *S probability of 
winning any single game; and (3) the simu- 
lation of 3000 World Series if it were 
changed to a best of nine game seriesf 
rather than r best of sevett* In t^e first 
partf where the teams are evenly matched/ 
the length of each series was tabulated/ to 
illustrate the non^intuitive fact that a 
six-game world s^ies is as likely as a 
seven-game series* Since the probabilities 
of having a six-game series and a sevenr 
games series are equaXf about half the 
class can be expected to conclude that a 
sever-game series is most probable and half 
that a six-^game series is most prot ^Sle* 
It should be noted that a slight deviation 
away from exactly evenly matched teams 
makes a six-game series the most likely* 
The second part of the fifth assignment was 
intended to illustrate the fact that if one 
of the teams has an advantage over t*.o other 
team In each of the gameSf then its advan-^ 
tage is magnified when the trials are 
grouped into a contest* The probability 
that a team with a *6 probability of win- 
ning each game wins the series is about *7* 
The third part of the assignment illustrate' 
ed that as the number of trials grouped in 
a contest are increased/ the initial advan^ 
tage is further nia4n?Jiedf in this cane 
from about *7 to ab" ut *73* Although each 
of these parts can be solved analyticallyf 
the solutions are complicated and usually 
beyond the objectives of a finite manhe-^ 
maticis coursef sof the student is again 
impressed with the primary valur^ of siiau'' 
lation* (Similar problems are ^.iscussed in 
Kemeny (2), pages 143-144 and section 1*5 
and Kemeny (3), pages 161-167*) 

CQMPUTEH ASSIGNMENTS USIffG MATRICES 

Assignments six through e.lght ware de*" 
signed to introduce the students zo the ma- 
trix (MAT) commands in BASIC and to the sys- 
tem library* Assignment six was a set oi 
routine exercises that required the use of 
the commands for the matrix operations o^ 
addition/ multiplication/ scalar multiplxce-^ 
tionf multiplicative inversion/ and trans^ 
position* Additionally/ the students were 
given a 2x2 matrix B and asked to use a loop 
to determine B^* 

Assignment seven paralleled our class 
discussion of Markov Chains/ and its purpose 
was to introduce t^e students to subroutines/ 
round-off error, and a double loop* For the 
projects the students were given two 3x3 
transition matrices and asked to write a pro- 
gram to test each matrix for regularity* A 
transition matrix A is regular if A^ has all 
positive entries for some nonnegative integer 
n* The students were asked to recall that in 
performing calculations with a computer^ 
round^'off error is almost always present* 



Hence a quantity/ which may actually be 
equal to 2ero/ may be calculated by the 
computer to be/ for example 0.0000021. 
Thus/ in the subroutine to test for zero 
entries in B^A^, the students were forced 
to structure their conditional statements 
in such a way as to ignore any difference 
in compared quantities vhlch are less than 
the suspected round-off error introduced 
by the computer* In addition to a loop to 
calculate A^, assignment seven also re- 
quired a double loop {one for the row in- 
dex and one for the column index) to deter*- 
mine if A" had any zero entries* The tran- 
sition matrices in che assignment were 3x3 
matrices* Thus the students knew th|t 
their program need only test a1,*.*a^ for 
zeroes because in class we gave the theorem 
stating that if an nxn transition matrix 
is regular/ then at least one of the first 
(n-l}^+l powers of A contains no zero 
entries* 

For the first part of the final computer 
assignment the students were required to 
write a program to solve two problems based 
on our classroom discussion of Leontief 
models* This program involved solving a 
system of linear equations using the INV 
function to find the inverse of the coef-^ 
ficient matrix* 

It has been noted that one of our ob~ 
jectives was to increase the student^s 
proficiency in programming* Toward this 
end/ each of the above computer assignments 
required the students to actually write a 
program^ — not merely supply data to a pro- 
graiu called from the system library* How- 
ever, the authors felt that students st;ould 
be given an opportunity to realize the im^ 
portance of the system library; hence/ they 
introduced the system library in the second 
nnrt of assignment eight* The problem 
supplemented our class work on linear 
programming and the simplex method* In the 
assignment the stu<3ent8 were asked to max- 
imize an objective function subject to five 
constraints using a program (LINPRO^ from 
our system library* The instructors felt 
that the introduction to this powerful fac- 
et of computer use was an appropriate end 
to Ihe computer segment of the course* 

EVALUATION OF THE COUHSE 

The results of the student evaluation 
given at the end of the course were general*- 
ly quite positive* Most students seerad not 
only to enjoy the course^ but to feel that 
it was useful* for example^ a question on 
the overall rating of the course had an 
average of 8*3 on a O-^to^'lO scale* The 
average response to the question; "Vtould 
you recommend this course to others?" 
(again on a 0-^tc-^lO scale , where 0 = not 
recommend at all/ and 10 « highly recomend) 
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was 8. I* In additiotir many responses in 
the comment section of the evaluation form 
indicated that the course was well-received. 

A statistical evaluation of the course 
was done by cofoparing scores of students in 
the re9ular course (group R) on 21 problems 
common to both final exams. We proposed 
average scores on the mathematics portion 
of the SAT as a possible measure of how 
groups C and R compared in ability. Inmie" 
dlately a problon arose because the two 
groups were significantly different when 
this variable was measured. Two comparable 
groups were acquired by deleting all stu- 
dents with Math SAT scores over 600 in each 
group of students. He were left with 24 
students In group C with an average Math 
SAT score of 53Ir and 29 students in group 
R with an average Math SAT score of 533. 
Students in both groups C and H were engi" 
neering and mathematics majors. 

The results of the 21 examination queS" 
*tions are given below. 

Group C Group R 



Number of students 

Average Math ."^AT 531 

Total number cf 504 
questions 

Number of correct 330 
responses 

San^Ie success ^ .655 

probability ^ ' 



29 
533 
609 

365 

Pd » .599 



From the table above we get the difference 
of the sample proportions to be P^-^^f>.056. 

Let be the success probability for the 
grou^ C population and the success prob- 
ability for the group R population. Test^ 
ing the null hypothesis P^ < against the 

alternate hypothesis > P^, we found that 

the probability that ^ > .056 is less 

than .028 (cf. chap. 8r(4)}. Therefore^ 
at the 5% level of significance^ we rejected 
the noil hypothesis and accepted the alter^ 
nate hypothesis that the performance of, stu- 
dents in the computer-supplemented course 
would exceed that of students in the regular 
course on the 21 exam questions. We point 
out that the one-sided test was suggested by 
the restriction that the coverage of the 
central mathematics topics in the new course 
be at least equal to the ooverage given in 
the regular course. Consequently^ it was 
expected that the value of would be at 
least that of P^^. 

^hei^e may be other faotors which con- 
tribtitfiid to the superior performance of 
group C. For example^ those in group C 



were exposed to each of the three instruc* 
torsr while those in group R were taught 
by only one of these instructors. In ad" 
dition, the class size for group C averaged 
17 studentsr while the average class size 
of group R was 24 students. However^ the 
authors believe that the introduction of 
the computer into the course was an iiopor- 
tant positive factor contributing to the 
significant difference in performance noted 
above. 

Finallyr we remark that when the stu" 
dents with Math SAT scores of over 600 
were compared , the students from group C 
again performed better on the 21 exam 
questions than the students from group R. 
Howeverr the difference was not as sig- 
nificant. This result is consistent with 
the authors' feeling in the beginning of 
the project that the better students were 
likely to perform well no matter how the* 
course was designed and that the greatest 
effect of the computer supplements would 
be on the average students. 

SUMMARY AND R£C0MME!fDAT10NS 

It was our intention to add a computer 
supplement to a course in finite mathe" 
matics without coinpromising the traditional 
approach to the mathematical content in the 
course. In shortr we did not want our stu- 
dents to become computer experts while 
sacrificing their ability to solve problems 
with paper and pencil. It is obviouSr how- 
ever, that one cannot introduce a computer 
supplement into a finite mathematics course 
without making some adjustments. Since we 
were restricted to the same 45 contact hours 
as In the standard course, we had to elim- 
inate certain introductory topics mentioned 
at the beginning of this paper; however^ we 
did not reduce the amount of time devoted 
to probability and matrices. He eliminated 
enough material to give us an additional 
eight contact hours, and we found this ad" 
ditional time sufficient for the discussion 
of computing in general and the computer 
assignments in particular. If, on the 
other hand, one wished to add a computer 
supplement without sacrificing any of the 
standard course materials the best approach 
would probably be to increase the contact 
hours per week from 3 to 4* The extra hour 
per week would be more than adequate to 
accommodate the computer supplement. 

He also believe it is important for the 
students and the teacher to maintain a 
sense of perspective about the goals of 
this kind of course. It is too easy to 
drift unintentionally into a computer prO" 
gratifning seminar to the detriment of the 
traditional theoretical and problem-solving 
aspects of a finite mathematics course. 
The student must be kept mindful of the 
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main thniBt of the coursef even if, as is 
often the case, he is more interested in 
cdnvputers than in mathematics. Keeping the 
course properly balanced becomes a question 
of the instructor's resolve, but he can 
help himself (as we did) by keeping the 
computer part ^f the course out of the hour 
tests and final examination. 

Finally, we believe that when computer 
assignments are returned to thii student, 
the student's program should be acconpanied 
by the instructor's solution. The solution 
can be typed in capitals to resemble the 
actual print-out obtained at a teletype- 
writer terminal. Besides showing the stu* 
dent the correct answer, an instructor's 
solution provides the student with a valu- 
able reference if he pursues computer pro^ 
grAmming after completion of the present 
course. Such a policy^ of course, requires 
new or altered computer assignments for 
subsequent courses, but we consider the 
price small in relation to the benefits. 

we must admit, in summary, our' satis- 
faction with the results of this course. 
It will likely be a permanent- part of our 
curriculum^ and we anticipate further re- 
finements and additions to the computer 
assignments in future offerings of the 
course. To this endf we invite others who 
have had similar experiences with a com- 
puter-etipplemented finite mathematics 
course to share their views with us. 
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A COMPUTER-ASSISTED COURSE 
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Pul-Kei Wong 
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Applications of mathematics to prob- 
lems in the physical sciences and engin- 
eering are w«ll known and have long been 
an integral part of the undergraduate cur- 
riculum of mathematics departments. During 
the past two decades courses in numerical 
methods and elementary finite mathematics 
have also been added by many colleges and 
univeraitieSf reflecting the growing im*- 
portance of mathematics in economics* 
management* and social sciences as well 
as in modern technology. We need only 
cite the contributions of such individuals 
as Kenneth Arrow*' George Dantzig* wassily 
Leontiff* Paul Samuelson* and John 
von Heumann in this connection. 

On the other hand* applications of 
matheoiatice to the biological and life 
sciences* though no less important* have 
not found theirproper place in the under* 
graduate curriculum. It was J.B.S. Haldane 
who observed in 1926 thatt "The permea* 
tion of biology by mathematics is only 
beginning* it will continue and (grow) 
into a new branch of applied mathematics." 
In the decades since* we have witnessed a 
phenomenal growth in the applications of 
mathematics to the agricultural* biolo^ 
gical* and life sciences* beginning with 
the work of Haldane* Lotka* Volterra* 
and Wight and onto that of Hodgkin and 
Huxley* who shared the Hobel prize In 
physiology or medicine in 1963. And most 
recently* Allan cormack and Godfrey 
Hounsfield were awarded the 1979 NObel 
prize in physiology or medicine for their 
pioneering work in applying mathematics 
and computer technology in the x*ray image 
reconstruction technique called cornputer* 
ized Axial Tomography (i). 

Recognizing the growing impact of 
mathematics in the life sciences* the 
Hathematice Department at Michigan state 
Uhiversity introduced five yeare ago a 
new course HTH-461 titled "Selected 
Mathematical Ideas in Biology^ This is 



a one-guarter, four-credit course with 
calculus as prerequisite. At Michigan 
State we have a two^term* ten quarter^ 
credit sequence in calculue for the bio- 
logical and social sciences. A student 
having cofnpleted this abbreviated calculus 
sequotce is usually adequately prepared 
to enter HTH^6l. No prior knowledge of 
campoteT programming is assumed. 

The maj<^ objective of this course is 
to provide the student with a sound inti^o- 
duction to mathematical methods and deter- 
ministic models in biology* especially in 
the use of computer simulations to analyze 
model behavior. To this end a ntwiber of 
problems from biology are introduced and 
studied in some depth. We start with the 
underlying biological description* hypo* 
thesize* and then derive a working maths'^ 
matical model. Once constructed* the model 
can be manipulated and analyzed to reveal 
its possible behavior. Modifications on 
the basic model are made* and the system 
is then studied again under various initial 
conditions, external inputs* and pertur* 
bationa. All this can be done quickly and 
economically by computer eimulations. 
Instead of numerical solutions* it is often 
m<^e desirable that the loog-^term trend or 
qualitative behavior and stability proper- 
ties of the model be known. In this case 
con^ter graphics provide a particularly 
effective tool in the analysis of model 
dynamics. 

In ad^aition to conventional class* 
■room lectures and homework* students are 
required to spend time each week in the 
computer laboratc^y doing modeling and 
simulation exercises. These exercises use 
Instructional modulee written specifically 
for the course* and they run on Tektronix 
40SI graphics confuting systems. These 
stand-alone microcomputers are capable of 
high reeolution graphics (760 lines by 
1024 pixels per line) and are especially 
well suited to our needs* A Tektronix 
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4631 hardcopy unit provides a record of the 
graphic output of any desired simulation 
run. 

He also use computer graphics in the 
classroom* Demonstrations are done using 
a Tektronix 4025 graphics terminal and an 
Advent lOOOA television projection system. 
The 4025 is a raster scan device with 480 
X 640 resolution and provides a composite 
video output to the Advent. It is driven 
by a Tektronix 4051 computer. The Advent 
has a seven-foot diagonal screen and is 
suitable for viewing by a class of up to 
forty students, cynamics of a model can 
be displayed on the screen before a class 
and discussed very effectively this way. 
A Tektronix 4662 digital plotter is also 
used to make high quality multicolored 
transparencies for use on ordinary over- 
head projectors. 

The mathematics' treated in MrH-481 
include mabdx algebra* difference* and 
differential equations* and applications 
are drawn from various areas of biology. 
Special emphasis is given to the qualita- 
tive behavior and stability of nonlinear 
equations. The course will typically cover 
the first twenty-two items of the outline 
below plus occasional substitution from 
the remaining ones. 

HTH 48LSzllabus 

1. Algebra of vectors and matrices. 

2. Linear equations and determinants. 

3. Eigenvectors and eigenvalues. 

4. Hethods of least squares. 

5. Discrete time single species population 
models. 

6. JCiinear difference equations. 

7. Depletion of nonrenewable resources. 

8. Discrete time predator-prey models. 

9. Populations with age structure (Leslie 
model) . 

10. Harvesting and exploitation of renew- 
able x'esources. 

11. population genetics and difference 
equations. 

12. Asymptotic behavior and stability 
(period three implies chaos). 

13. Analysis of growth data. 

14. Logistic* Gompertz* and other continu" 
ous timd population modeli?. 

15. Geometrical analysis of differential 
equations. 

16. Hodels of photosynthesis. 

17. Linear differential equations and 
systems. 

IB. compartmental analysis. 

19. Lotka-Volterra and other models of 
competition and interaction. 

20. Volterra-Gause principle. 

21. Theory of chemostat. 

22. Stability and limit cycles. 

23. Enzyme kinetics. 




24. Simple epidemic models. 

25. Cell cycle analysis. 

26. Hodels in neurophysiology. 

27. Fishery ^namics and marine food chains. 

The interactive computer -ass is ted 
instructional modules used in the course 
are designed for the student with no 
prior programming experience* and they are 
stored on data tapes. An orientation 
lecturo on the use of the Tektronix graph- 
ics computing system is given at the start 
Of each term* explaining how the student 
can access the system and use these 
instructional tapes. These modules rang« 
from tutorials on vectors an^ matrices 
through population growth* fitting data to 
logistic growth curve* differential equa- 
tionSf and modeling using compartmental 
analysis and the method of peeling. 
Students have found using interactive com- 
puter graptiics particul'' 'ly helpful and 
have later adapted and modified some of 
the programs written for this course for 
their own research use. 

To illustrate the use of computer sim* 
ulation in teaching mathematic'^l modeling* 
let us consider the problem of growth of 
human populations. First the problem is 
analyzed by the very simple difference 
equation 

(1) Xj^j^ = AXj^ * k » 0*1*2*... 

Itere Xy^ is the population size or density 

at the kth census and A is the intrinsic 
growth rate* which is defined as the dif*- 
ference between the crude birth rate B 
and crude death rate D. In this case the 
population is treated as a homogeneous 
collection of individuals so age structure 
and sexual differences are ignored. Equa* 
tion 1 admits the closed form solution 

(2) Xj^ - a'^x^ , k = 0*1*2,... * 

where is the initial population if A 

is constant. The future behavior of the 
population is therefore completely deter- 
mined by the !nagnitude of A. However 
real Populations can rarely be described 
realistically by such a simple model in 
which the growth rate is constant over 
long periods of time. 

The first modification we make then 
is to allow the intrinsic growth rate A 
to be time- or population-dependent. 
Closed form solutions to £quation I ere in 
general no longer possible* but the pirob" 
lem is easily handled by the computer. In 
the CAX module for this course* actual 
census data is used to construct population 
projections. Figure 1 shows several dif- 
ferent functions used to fit the crude 
birth rate data for costs Rica. The 
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student is asked to select one of theBe# 
and the computex will then calculate and 
display the corresponding population trend 
for a specified number of years into the 
future (see Figure 2). At the end of each 
simulation run the student has the choice 
of changing the parameters or entering an 
entirely different birth rate function and 
running the problem again, in this case 
the same death rate function is used for 
all the simulation runs* 

At the next level of complexity* a 
population is studied ^ separating it in- 
to sex and age classes using the basic 
model of Leslie (2). For human populations 
where the ratio of males to females is 
essentially constant over long time periods* 
it is customary to consider only the fe- 
males and divide them into five-year age 
classes and take census every five years* 
The basic equation is still Equation I« 
but xj^ is now a population vector with 

n components, and A is the projection 
matrix. 



0 
0 



0 
0 



Here fj is the average number of female 

offspring born to a member of the jth class 
every five years# and Sj is the prdb** 

ability that' a member of the jth class 
will survive and advance the {j + l)st 
class at the end of five years* If we 
restrict our attention to females of ages 
0 - 59# there will be twelve age classes 
and A will be a 12 x 12 matrix, if we 
assume constant fecundities and survival 
probabilities^ the population for subse* 
quent years can be calc:ulated tising 
Equation 2 as in the r^imple scalar case. 
Figures 3-6 aire the c<XApttter«*generated 
population profiles for American females 
based on the 1964 data for fecundities 
f^«...«f^^ and survival probabilities 

«1""'«12* 

in the final stage the effects of 
population-dependent , A as well as har- 
vesting pre added to the Leslie model and 
studied* Figure 7 shows the menu selec- 
tion for this model* and Figures 8 and 9 
are the output of two different simulation 
runs for a hypothetical population having 
three age classes. Extensions of the model 



to include insects^ trees# and other popu* 
lations that are more naturally grouped 
into developmental stages or size classes 
are also included at this stage. 

All the CAX material was written in 
TCK-BASXC specifically for interactive 
use and has been revised and tested over 
the past five years. Although much of it 
was designed with teaching mathematical 
modeling to biologists in mind« some 0£ 
it can be and has been adapted and modi- 
fied for use in other courses as well. 
The equipment was acquired in p^rt with 
funds from the national Science Foundation 
under an Instructional Scientific Equip- 
ment Grant. 
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Pig. I 

CRUDE BIRTH RATE FOR COSTA RICA, 1039-2068 ' 

VERTXCAU SCALE «* NO. OF BIRTHS PER 1080 POPUUTXQIt 

DIAMONDS REPRESENT CENSUS DATA 

LINE L IS LEAST SQUARE LINEAR FIT TO DATA 

PL Pe t PS ARE THREE MODIFIED EXPONENTIAL FITS 

WHICH PROJECTION CURVE DO YOU WANT TO USe7 a, PI, P2 OR PS> 
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Pi?. 2 

POPUUTZON or COSTA fOCA, 1039-2660^ BASED ON Pi PROJECTIOK' 

RZSHT VERHCAL SCALE -* POPUUTION XN KILUONS CSOUO CURVE> 
LEFT VERTICAL SCALE » RATES PER 1800 POPULATION 
DIAMONDS REI>RE8ENT ACTUAL CENSUS DATA 
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AHBRXCAN PCnALCS^ AOCS »-B0 
POPULATXON PROKXLC AT T * f0e4 
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AMCRXCAN TEHALES^ AOCS 
POPULATION PROrH-C AT T - tOM 
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AHCRICAN reHAL£S. ASES 8-60 
POPULATION PROKILE AT T - 2814 
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AMERXCAN rt^MALCS^ AOES 8-68 
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Plef. 7 

MENU 

1 . CONSTANT FECUMDITY AND SURVIVAL PROBABILITY 

2. POPULATION l>EPENI>ENT FECUNDITY^ CONSTANT 
SURVIVAL PROBABILITY 

3. CONSTANT FECUNDITY, POPULATION DEPENDENT 
SURVIVAL PROBABILITY 

4. POPUUTION DEPENDENT FECUNDITY AND SURVIVAL 
PROBABILITY 

5. HARVESTING 

SELECT BY NUHBER THE ITEM YOU WANTt 3 
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LOLie's Mooet. coh8t. FCC.. POP. *>S?»S^.5?*y' 

xU> • e Yce> - 4' zce> • t wc8> - u 

PLOT OF TOTAL POPULATION UCK> 
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LESLIE'S MODEL* CONST. FEC.* PCP. DEPENDENT SURV. PROB. 

FNDCU> * t/C1<^EXPCU/D1*^2», Dt - 188 D2 * S 

Ft - 8 F2 * 12 St * e.S33333S333 $2 * 0.S 

xc8> -8 Yce> - 4 zce> - 1 wce> - \ \ 

PLOT OF TOTAL POPUUTION WCK> 
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COMPUTER SYMBOLIC HATH 
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university of Hawaii at Manoa 
UcnolulUr Hawaii 96822 
(808) 948^8196 



Host current calculators and mathemat* 
ical computer programs are oriented toward 
approxijoate numerical computations using 
an occult arithmetic called chopped non** 
decimal fixed^precision floating-point. 
If this revelation causes discomforts con- 
sider what Anston Householder^ dean of 
numerical analysts^ &aid« **I d<w*t like 
to fly in airplanes, knowing they are de** 
signed with floating**point arithmetic,** 

This arithmetic has undeniable advan** 
tagea, but it also has decidedly bizarre 
implications ^ich are difficult to 
convey even to graduate numerical analysis 
students, Hore important^ it iB not the 
arithmetic that any of us uses formanual 
computation, 

THE KATURE OF COMPUTER SYMBOLIC H2VTH 

The good news is that computers also 
can do exact rational arithmetic, Hore* 
over, even small personal nticrocomputers 
can do the nonnumeric symbolic operations 
of algebra, trigonc^etry, analytic geo- 
metry^ and oalculus. In fact, use of such 
computers for these purposes does not even 
require a knowledge of computer program** 
Bting, other than the widespread custom of 
using ***** to denote multiplication and 
**f** to denote raising to a power, in order 
to iinambiguoasly specify expressions using 
a one*dimensional format compatible with 
the limitations of standard keyboards and 
displays. For example, here is a sample 
interactive dialogue using the muHATH**79™ 
syndbolic math program on an inexpensive 
Radio Shack TRS**80tn computer, which is 
increasingly popular in schools « 

In order to expand the expression 
(5as-7) (2v+3)4 the user types the line 

(5*X-7)*(2*Y+3)+4f 

9aA a few seconds later the interactive 
response is 



80*X*Yt4 - 112*Yi4 + 480*X*Yf3 
-672*y+3 + 1080*X*yf2 - 15l2*yt2 
+ 1080*X^y - 15l2*y + 405*X - 567 

^rextr to solve the equation 

Hx^^a^x) ^ ^ a^si^ for x, the user types 
SOLVE(2*(X+3-At2*X) - Xf3-At2*X, X); 

and the interactive response is the 
solution set 

(X«Or 
X«A, 
X—A). 

Next, to invert the matrix 

{i 

the user types 



* and the response is 

(U, P/QJ 
10, l/Q]}, 

Then, to simplify the trigonometric* 
logarithmic expression [tan a)cos a)+ 
l/cscte)+lnU^y) ^ 2 in Xf the user 
types 

TAN(A)*COS(A) + 1/CSC(A) + LH(Xf2*Y) 
-2*LH(X)f 

yielding the response 

2*SIStA) + LHlY), 

To sum the series 

I la ^ h^) 
J-1 

the user types 

SUH(A*Jf2+fifJ, J, 1, H) 
to get the response 
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(2*A*Nt3+3*A*Nf2+A*N)/6 
+ (BI(H+1)-B)/(B-1). 

(The arguments of the sum function are 
respectively the sutnmand, summation indexr 
lower limitr and upper limit*) Finally^ to 
evaluate the integral 

fiax^ + X sin x^ldx , 
the user types 

IHT(A*Xt2 + X*C0S(Xt2), X) 
yielding 

A*Xf3/3 + SIll(Xf2)/2» 

In contrasts traditional progratnming 
languagea such as APL, BASIC, fortius or 
PASCAL provide built-in math facilities 
essentially only for limited-precision 

The above examples have illustrated 
symbolic math capabilities relevant to 
grades fl through 14 » However r computer 
symbolic math also features exact rational 
arithmetic r which is more suitable then 
floating-point for supporting math educa- 
tion at the kindergarten through sixth 
grades* For example^ continuing the above 
dialogue, to simplify the expression 
30^0/X7/401 the user types 

30130 ♦ 121 (l/2)/401 f 

and the response a few seconds later is 

(253410916192626953125/ 

502114296731006316279912)^(3)1(1/2) 

There are none of the rotrndoffj wtd&pfLcWt 
or ov0rfU^ problems that beset traditional 
mathematical prograimning languages* 

Although none of the above examples 
requires a knowledge of computer program- 
ming other than the convention of using 

for multiplication and "t** for 
raising to a power, curiosity of needs 
not met by the built-in facilities causes 
some -users to seek deeper involvement 
with the math^nciatical and programming 
techniques used to iinplement these sym^ 
bolic math systems* AccorGingly^ sym- 
bolic math systems generally provide a 
programming language for writing exten- 
8ionA» Examples of sich extensions aret 

1* introducing new functions (such as 
hyperbolic functions) and their 
siB^lif ication properties; 

2* extending the class of expressions 
which can be factored, differen- 
tiated, or otherwise operated upon; 

3» extending the class of equations 
which can be solved; 

4» automating the sequence of steps 
necessary to do an inductive proofs 
determine a limit, test a series 



for convergence^ or determine 
the first few terms of a Taylor 
series* 

EOUCATIOHAL USES 

Con^uter symbolic math has long been 
available to applied mathematicians who 
have generous confuting allowances on the 
largest computers, but this tool has only 
recently become available on the inexpen- 
sive small con^uters most often available 
to kindergarten through sophomore cal- 
culus classes » How can this increasingly 
available tool support math education? 

1» A symbolic math system can be used 
bv a computer-aided instruction 
prbgram to provide far more flex- 
ible, intelligent^ and responsive 
automatic drill or examination 
than is otherwise possible* For 
example^ symbolic math systems are 
able to recognize the equivalence 
of a wide variety of mathemat- 
ically equivalent expressions^ and 
a coniputer^^aided math instruction 
program can adaptively take alter- 
nate courses of action depending 
upon the users' performance* Such 
programs free teachers to do what 
they do best— provide warmths 
understanding, individual high- 
level guidance^ and assistance for 
unanticipated difficulties* 

2* The ability to do numerous large 
examples encourages creative ex- 
plorations which can reveal pat- 
terns and thus suggest general 
theorems* Students' inductive 
generalization powers can be exer- 
cised and developed to a far 
greater degree than is otherwise 
possible* 

3* Built-in trc^e facilities can allow 
students to see each step of a 
computation^ rather than merely 
the final result* 

4* A demonstration that an operation 
can be done automatically by com*" 
puter can encourage average and 
poor students that the flashes of 
inspiration given only to brilliant 
students are unnecessary for that 
operation* Hope for plodders is 
revealed* 

5* Students who are more entliUsiastic 
about computers than about math 
are provided with a new avenue for 
appreciation of math* Computer 
symbolic math vastly enhances 
the opportunity for beneficial 
mutual reinforcement and cross*^ 
motivation between math and 
computers * 
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6» Inspection of the underlying com^ 
puter symbolic math implementation 
programs can help students learn 
the methods for accomplishing the 
operations manually » 

7» Programming extensions to the 

built*in operations can reinforce 
understanding of both the built-in 
and new operations* In factr an 
instructor can withhold portions 
of the algebra system implementa* 
tion and challenge the students 
to implement them* 

AVAILABILITY 

For educational use, a symbolic math 
system should be interactive, general pur- 
pcse, and available for a modest fee on 
computers typically available to students^ 
in order of increasing computer memory 
requirementSi here are four symbolic 
math packages which meet these 
requirements^ 

PICOMATH-80^ is a set of three small 
symbolic math demonstration programs 
written in BASIC that should run on vir* 
tually any computer^ For informationi 
write The soft (Warehouse at Box 11174, 
Honolulu, Hawaii 96828* 

muMATH*79 is currently available for 
many ot the various brands of personal 
microcomputers based on the Intel 8080, 
Intel 8085, and SiXog 280 microprocessor 
chips* Computer memory can be measured 
in units called bytes^ and muHATH requires 



from 32,000 to 64,000 bytes of memory, 
depending on how many of the various math- 
f^'^atical facilities are loaded simulta- 
r ously» For information^ write Micro* 

yft, at 10800 N*E» 8th, Suite 819, 
Bellvue, Washington 98004* 

FORMAC is available for medium to 
large IBM 360 and 370 computers which have 
at least 140,000 bytes of memory* For 
information r write Knut Bahr at GHD/IFV, 
D-6100, Darmstadt, Germai:^* 

REDUCE is currently available for IBM 
360 and 370, DEC PDP 10 and 20, Univac 
1100 series, CDC Cyber series, and 
Burroughs 6700 computers* REDUCE requires 
a minimum of from 300,000 to 400,000 bytes 
depending on how many of the v^irlcus math- 
ematical facilities are loaded simulta* 
neously* For information, write Professor 
Anthony c* Hearn at the Computer science 
Department, University of Utah, Salt Lake * 
City, Utah 84112* 

LITEBATURE 

Most of the relevant literature is 
oriented toward research rather than edu- 
cation, but a good way to get started in 
this area is to join the Association for 
Computing Machinery Special interest Group 
on Symbolic and Algebraic Manipulation* 
Their ACM SJGSAM BuZZ^Hn is a timely source 
of information on such topics as 
meetings, abstracts, and new systems* 
For information about joining, write 
the ACM at 1133 Avenue of the Americas, 
(few York, NY 10036* 
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COMPUTER-BASED RESOURCE SHARIttG; 
DIVERSITY AND OPPORTUNITY 

Chaired by Donna Davis Mebane and Rodney Mebane 
EDUCOH 
P,0. Box 364 
Princeton^ NJ 08540 
(609) 921-7575 



ABSTRACT 

Compu t er-ba se d resource sharing occurs 
in many places^ by many people^ in many 
formsr for many reasons* A professor who 
asks a colleague to evaluate the pedagogic 
quality of a CAI tutorial, a student user 
of SPSSr a demographer working with census 
tapes r a librarian with access to OCLC 
all Of these people are engaged in some 
form of computer-based resource sharing » 
This special session will report on a 
major EDUCOM research projects funded by 
NSFr to examine the diversity of sharing 
activity that takes place within the 
higher education and research community 
and the opportunity that exists for 
increased cooperation* 

In describing, explaining r and evaluate 
ing the sharing phenomenon, two scenarios 
are apparent* One is of relatively small- 
scale activity, very infomtal and with 
information exchanged primarily by word of 
mouth* Many are neither aware of what 
others are doina with computers nor of the 
possibilities for shared use* The other 
scenario is of an active attempt by 
various resource-sharing organizations 
(RSOb) to promote the orderly exchange of 
computing Btaterials and experiences* 

Focusing on the latter scenario, this 
session will begin with the benefits of 
sharing and the various pathways to 
sharing* It will then specifically 
address interinstitutional resource 
exchange and nine representative organ*- 
izations that provide a link between 
resource developers and a resource users 
and effect the shared use of hardware, 
software, machine-readable data bases, 
and other computing systems* The RSOs 
participating in the EDUCOM study include 
the following nonprofit organisations: 

CONDUIT 

EDU19ET 

Georgia Information Dissemination 
Center (GIDC) 

Health Information Network (HEN) 



Inter-university Consortium for 
Political and Social Research (ICPSR) 
Merit 

New England Regional Computing Program 
(NERComP) 

North Carolina Educational Computing 

Service (NCECS) 
Research Libraries Information Network 

(RLIN) 

Profiles of these organizations wiXl be 
presented, and the nature of services 
offered will be explored in depth* 
Specific R50 activities will be cited to 
illustrate the diversity of organiza- 
tional response to such questions as 
these ; 

What kinds of resources are available 

and where do they originate? 
What options do developers have? 
How aie resources packaged and 

distributed? 
Who are the current users of these 
organizations and what services do 
they find most valuable? 
What are the technical, economic, and 
organizational conditions of using 
shared resources? 
How do the sharing organizations them- 
selves adapt to a rapidly changing 
environment? 
The primary objective is to make praoti- 
tioners and leaders in the field more 
aware of organizational options available 
to meet their own diverse computing needs* 

Materials will be distributed describ*- 
ing the study and the participating 
organizations r and representatives of the 
nine organizations have been invited to 
apply for space in the exhibit area* 
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COMPUTERS AND INSTRUCTIONj 
DBVELOFMEHTr DiRECTlOHSr AND ALTERKATtVES 

Chaired by William Gruener 
Addis on- Wesley Publishing Co^r Inc^ 
Reading^ MA 01867 
(617) 944-3700 



ABSTRACT 

This session will exainxne the world of 
computers in the instructional environment* 
Our three panelists have used micros^ minisr 
and inaxnframes in various educational 
situations and will present papers as a 
basis for discussion and examination of 
computers and instruction* 

During the session directions and alter- 
natives for new uses of computers will be 
explored and the existing systems examined* 
Participants and attendees are encouraged 
to exchange information and ideas* It is 
hoped everyone involved will leave with 
f'*esh insight into the creative use c^ 
womputers for educational purposes* 



CREATIVE LEftRHlMG WITH COMPUTERS— THEORIZ E 
OR PERISH 

Hargot critchfield 
Pittsbur^hr PA 

ABSTRACT 

The experience of the dyed-^in^-the-wool 
computer hobbyist provides educators one 
point of reference for our warm enthusiasm 
for the computer* Our observation of 
students who learn to program or who play 
complex gam38 on interactive microcomputers 
provides another point of reference* What 
do these vastly different kinds of learners 
have in common? A theory of learning is 
needed to tie these disparate computer 
users together* Such a theory must be 
applied to the design of educational 
experiences that include computers in order 
to ensure computers' ^success and continued 
growth* 

This paper will attempt to clarify the 
definition of creative learning and to 
state soAe of the explicit values of formal 
educatic^i as they relate to computer use. 
The possible contribution of some current 
learning theories to a set of principles 
for creative learning with computers will be 
discussed* 



PLATO-* COMPUTERS AHD IHSTRUCnOH^ A 
LARGE-SCALE SYSTEM 

Robert Hart 

University of Illinois 
ABSTRACT 

The Language Learning, Laboratory at the 
University of Illinois makes available an 
80 terminal PLATO site for humanities usage* 
During the past seven years, the Language 
Learning Laboratory has supported PLATO 
materials development for French^ German^ 
Spanish^ Russian^ Swedish^ Swahili, Bindi^ 
Uebrewr Chinese^ Japanese^ Latin^ Classical 
Civilizations r and £*5*L* The relative 
independence of development projects has 
led to a number of models for incorporating 
PLATO in classroom activity, ranging from 
totally PLATO*-c entered to voluntary and 
supplementary usage* Research now in 
progress seems to reveal a relatively 
stable pattern across a wide variety of 
situations: 

(1) There are two overlajsping but distinct 
populations of users r one PLATO'-receptive , 
the other non^^receptive * 

(2) Both instructor and student dissatis-* 
faction with current materials centers on 
response analysis and feedback character-* 
istics, which are perceiyed to be relatively 
inaccurate r inflexible r and unable to deal 
with meaning as opposed to fCrm* 



MICROCOMPUTERS IN ELEMENTARY AND SECONDARY 
EDUCATIOHt WHERE WE'VE BEEHr WHERE WE'RE 
GOING* 

Dan Isaacson 
University of Oregon 

ABSTRACT 

What educational research says about the 
use of computers in teaching^ what^s 
happening now, what the future holdsr and 
what* 8 holding us back will be discussed* 




Tutorial 



VIDEODISC TUTORIAL 



Bobby R» Brown and Joan Sustik 
Weeg Computing Center 
University of Iowa 
Iowa City, lowa 52242 
(319) 3S3-3170 



ABSTRACT 

^lis tutorial is for indivi<3uals who have 
little or no experience using a vid^^odisc 
An instruction* The tutorial will consist 
of a presentation of the perfomance char* 
acteristics of videodisc as they relate to 
.instruction. A variety of applications 
c^.. ^'ent and potential will be discussed* 
Various approaches to the development of 
materials ana mastering of discs for 
videodisc applications will be presented* 
The tutorial will also include a demon* 
sx:ration of an operational intelligent 
videodisc system* Handouts will be pro* 
vided to the^articipants. 
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MICBOCOMPUTER-ASSISTOD STUDY AND TESTING SYSTEM 
(MASTS) 

Hugh Garraway 
The University of Texas at Austin 
£DB 43&B 
Austin, Texas 78712 
(512) 471-4014 



INTRODUCTION 

Coiiiputer*manag«d instruction (CHI) has 
proven to he an effective teaching/leam-^ 
ing strategy* studies using large com- 
puter-based instruction (CBI) systems such 
as PLATO (Nievergelt, Jurg and others, 
1^78) and TICCIT (Reigeluth, 1^78) have 
shown that in addition to facilitating 
leamingi students enjoy CHX» The mili- 
tary is one of the largest iinplementers 
of CHI» The Navy is using several TICCIT 
eystems in a CHI application that ig ef- 
fective in terms of both cost and in' 
struction* The Air Force is using a de- 
dicated CHI system, the Advanced in* 
struetional system (Ais), developed with 
the McDonnell Douglas Corporation* 

The Teaching Information Processing 
System (TiPs) and the Program for Iieam- 
ing in Accordance with Needs (PLAH) are 
two CHI systems available for use in 
all levels of education. Both of these 
systems are batch-oriented and are in- 
tended to be used on mainframe conipu- 
ters* TIPS and PLAN are designed to be 
used mainly with large nunlbers of stu-** 
dents* 

Successful mediuttr and small-scale 
applications of CHI (Bork, 1^77; Brock* 
meier, 1^77} have helped define some 
conmon problems in using CHI including ^ 



1) Time and expense involved in custom 
designing CHI systems for individual ap- 
plications* 

2) Difficulty with adapting existing 
CHI programs to run on computer systems 
other than those for which they were de-^ 
veloped* 

3) Knowledge programming necessary 
for an instructor to create or modify a 
program* 

4) High initial cost for setting up 
hardware or adding to existing systems* 

5) Communication expenses and problems, 
and down time associated with time-sharing 
systems; 

Recommendations for in^roving the cost 
effectiveness and efficiency of future 
CHI systems have included the use of 
stand-alone microcomputer systems and ad* 
vanced authoring languages that allow an 
instructor to specify or choose instruct- 
ional and testing strategies and enter 
related content witb,>ut having to learn 
a coit^licated programming language* 

PRaTB:T OBJECTXVB 

The objective of this project was to de- 
signi produce, implement, and evaluate a 
CHI system with die following specif i- 
cationst 

1) The system will be based on inex- 
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pensive microcomputers with disk storage 
ability. 

2) The system will be interactive. 

3) The CHI program(s) will be con* 
tained on individual student disks so that 
they may be used on any compatible micro- 
computer. 

4) An interactive, intelligent auth- 
oring program will allow an author to 
create CHI modules without having to 
master a programming language. 

5) The system will allow an author 
to gather student data from individual 
disks for storage on a single data 
disk. 

Hie system will perform simple 
statistical coit^utations and display 
group and individual results as raw 
score, mean, standard deviation, and 
2-score. 

^) Hie collected data will be 
stored in a format that can be easily 
transferred to other statistical anal- 
ysis packages. 

MASTS 

The result of this project is the Hicro- 
computer-Assisted Study and Testing System 
(MASTSK MASTS is contained on two disks 
(Figure l). The author disk contains the 
authoring program which creates the data 
and index files to be stored on the stu- 
dent disk. The student disk contains 
the student program which executes ac- 
cording to the data stored by the author** 
ing prograon. Copies of the student disk 
are distributed to each student in a CHI 
course. The programs for collecting and 
manipulating student data from the indi- 
vidual student disks are included on ttie 
author disk. The heart of MASTS is a 
ttfo-dinkensional variable instructional 
algorithm (Figtire 2) with parameters and 
branching or looping conditions set by 
the authoring program. This algorithm 
is assesil>led b^ the author program through 
interactions with the author. To assem- 
ble an algorithm^ the author need only 
be familiar with the options available 
in the algorithm tnodel (Figt^re 2), as the 
authoring program is menu-driven and all 
options at any point in an authoring 
session are displayed on the monitor. 

autudrihg. system 

An instructor wishing to use HASTS 
receives an author disk, a student disk, 
and a short booklet outlining the options 
available in the instructional algorithm 
for creating a CMI module. After read- 
ing the booklet, the instructor plans the 
assignments and tests and determines the 
criterion levels to allov the student to 
progress or receive remedial assignments. 
The instructed or clerical assistant may 



now interact with the authoring program 
to create th^ CMI unit. A coitiplete CHI 
unit may consist of numerous assignments 
and testSf but MASTS does not require 
that the corrplete unit be entered in a 
single authoring session. The smallest 
amount of Information that may be enter- 
ed during a ses^^ion is one module con- 
taining an assignment, the test based on 
the assignment, and the data such as com- 
petency level for advancing, number of 
test questions to give, whether questions 
are to be given in random or fixed order, 
and what remedial strategy is to be talcen 
upon the student's failure to reach the 
established competency level. 

Each assignment/test module is given a 
two*number label X, Y, which determines 
its position within the instructional al- 
gorithm. X represents the main assign- 
ment/test. Y represents a r^nedial as- 
signment/test for the main assignment^ 
test X. For example, the first assign- 
ment in a MASTS unit would have the label 
1,0. i^ the author-specified competei^ 
level were met for test 1,0, then assign- 
ment 2,0 would be made. If the compe- 
tency level were not met, the HASTS would 
execute the author-specified remedial 
strategy. The student could then repeat 
assignment l,Or be given a remedial as- 
signment Test Itlt or be blocked from fur-* 
ther assignments pending a visit to the 
instructor, at which time the block can 
be removed from the student's disk. When 
a remedial test is passed^ the student is 
advanced to the next main assignment.. 
When a remedial test is failed, the op- 
tions are the same as outlined for 1,0. 
Thus, a remedial assignment/test pre- 
scribed for failing Itlt would be 1,2. 
passing 1,2 would advance the student to 
2,0. If the last remedial test for a main 
assignment is failed (X,H) , the student 
is automatically blocked and told to see 
the instructor. When a student has suc- 
cessfully completed all of the main as- 
signments on a disk, he iB instructed to 
turn in the disk to the instructor* Any 
number of main assignments (X) and any 
number of remedial assignments lY of X) 
may be created within the file boundaries 
of the microcomputer disk*^perating sys^ 
tern. 

To begin a MASTS autjioring sessions the 
author places the author* disk in the 
microcomputer and turns on the power. The 
author program automatically loads, runs, 
and presents the author with a master 
menu. The author may select one of sev- 
eral options. If ho selects to create 
nw assignment/test modules, he must put 
a student disk into a second disk drive, 
and is bo informed tsy the author program. 
The author will then be asked to enter 
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tha X|Y nuatber of the new joodule* After 
this information is entered, the program 
will pr<^t the author to enter the assign- 
aent, the text of ^ich can be any length* 
At the end o.^ the assignment, the author 
enters the letter **S** on a new line to sig- 
nal the end of the assignment* At this 
point, the author may instruct the pro-* 
gram to execute the test iimnediately af-^ 
ter the assignment or allow the student to 
leave the computer to complete the assign* 
ment* it is also possible to run a pro* 
gram specified by the author at this 
point, which allows the integration of 
other CBI programs with MASTS* 

The program will now prom|tt the author 
to enter the test* The test is construct- 
ed through interaction with a menu-drive 
subroutine which allows any number of 
(mixedl multiple choice, true-falsei or 
key word questions to be entered* The 
menu allows the author to select a ques- 
tion type or end the test* The process 
for entering the text for all types of 
questions is similar to that for enter-^ 
ing the assignments* A multiple choice 
question may have any number of choices 
since they wil^ be presented one at a 
time to the student* (After all choices 
have been shown, they will be repeated 
until the student picks one*) The key 
word question allows the author to speci* 
ty a number of key words or character 
strings to be considered a correct answer 
to the question* in the student program, 
a key word question asks the student to 
type in a response* This response will 
be searched by the program to determine 
if it contains any of the key wordSt if 
it does, it will be counted as correct* 
After entering a test question, the pro- 
gram returns to the menu which allows 
other questions or the end of the test to 
be specified* At the end of the test, the 
author is prom|>ted to enter the competency 
level in percent for passing to the next 
main assignment* He is then prompted to 
enter his choice for a remedial strategy 
for students who do not pass* When this 
information has been entered, the program 
will return to the master menu* Tr<M^ the 
master menu, the author may add other mod- 
ules as outlined above or print a master 
student disk when all modules for the 
HASTS junit have been enteredt When the 
latter option is selected from the master 
menu, the program will prompt the author 
to enter the infomtation fields he wishes 
to gather on each student's disk* The i 
author simply types a one-line instruction, 
such as **Pl«as6 enter your last name,** for 
each information field he wants. Any num-^ 
ber oi fields may be entered, and they will 
be ipyesented before the student's first 
assxgnmentt Th^ responses will be stored 



on each student's disk* 

When the author finishes entering in- 
format:ion fields, the author program will 
place this information on the student 
disk, along with other index information 
making the student disk complete, in- 
structions are then given to make copies 
of the master student disk for distribu-^ 
tion, which necessitates the program re- 
turning to the microcomputer's disk-oper- 
ating system* 

STUDENT DISKS 

Each student is given a copy of the 
master student disk* To use his disk, a 
student places it in any compatible mi- 
crocomputer and turns the microcomputer 
on* The program automatically loads and 
starts at the proper point in the instruc 
tional algorithm* On the first session, 
the program gathers the information 
fields entered by the author and the first 
assignment is given* Then according to 
the instructions entered by the authors 
1) the program stops and will not contin- 
ue until the computer is turned on again, 
thus allowing the student to remove his 
disk and carry out the assignment before 
returning for a test; 2) the program pro-^ 
ceeds directly to the t^*^t on the.assign-^ 
ment, in which case, the assignment text 
could be used as an instructional frame 
rather than as an assignment as such; or 
3) the program chains directly to another 
program which could be placed on the stu- 
dent disk by the author* 

vnien a student finishes a testf he is 
given instructions which may be the next 
main assignment, a remedial assignment, 
the same assignment again, directions to 
see the instructor (a block is placed on 
re-entry until the instructor unlocks the 
disk) , or instructions to turn the disk 
in, if the student has finished the last 
assignment* All scores for each test are 
stored in the studex file which also holds 
the information on a student's location 
in the algorithm and his re-entry status* 

MASTS DATA COLLECTION AMD DISPLAY 

When students have completed their 
HASTS disks, the disks are turned in to 
the instructor for data retrieval* One 
of the options on the authoring program 
master menu is collecting data from disks* 
Each student disk is placed in the second 
disk drive and is read by the author pro* 
gram collect subroutine* The information 
fields and scores for each test are stored 
with those for all other students* When 
all student disks have been read, the in-^ 
structor may use the result display option 
from the master menu* This option causes 
the computer to chain to a data display 
program that coit^tes and displays 
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statistical information for each test and 
each stu<5ent* If a particul6tr test has 
been repeated/ the statistics are computed 
for each atteitipt* 'Jhi? information inay bo 
displayed on the monitor f printed on a 
line printer, or both* The student data 
is stored in standard ASCII text files so 
that simple programs may be written to 
transfer student data to other data base 
formats used by tnore sophisticated statis- 
tical analysis packages. 

APPLICATION AND EVALUATION 

MASTS has been used for tv;o semesters 
in an upper-level media course for educa- 
tion majors at the University of Teseas at 
Austin* Most of the class time for this 
course is spent teaching production pro- 
cesses while MASTS is used to assign out- 
side readings describing media applica- 
tions» In the pastf assignments were made 
with a reading listf but many students did 
not finish the readings* Another approach 
used was to require students to write re- 
action papers or short reports based on 
the reading assignments f but this approach 
reduced the number of readings that could 
be assigned during a course* using MASTS 
for these assignments allows the instruc- 
tor to set due dates for completion that 
coincide with related in-class activities* 

These first applications of MASTS have 
served as formative field evaluations help- 
ing to define needed changes and to catch 
bugs as only trial by fire can do* An 
added benefit from using HASTS has been 
that the computer anxieties of students, 
most of whom have never worked with a com' 
puterf have been lowered {according to pre- 
and post-MASTS questionnaires)* 

HASTS HARDWARE 

A Badio Shack TRS-80 with 4aK memory 
and two disk drive units is used for auth* 
oring and data collection from student 
disks* The student programs require only 
one disk drive and 32K memory* 

C0»CI>USI0«S 

The definite student enthusiasm and 
lack of major problems encountered in im- 
plementing HASTS indicate an open door fox 
exploring the use of small scale CHI* 
HASTS or a similar system could form the 
heart of a programmed text or workbook* 
Another application might be in individual 
learning centers f using all forms of in- 
structional materials as possible assign- 
ment titedia* 
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ABSTRACT 

This paper describee the function and 
structure of a data laase system called 
Rieyr, which simultaneously controls and 
associates questions in question pools for 
Mny courses of instruction* The data 
base stores questions created by both fac-* 
ulty and students and ie used for formal 
testing and student eelf^^assessment* the 
structure of the data base allows rapid 
retrieval of multiple types 
on predetermined logical 
The data baee also provides 
lection and association 
information not only on student perform- 
ance^ but also on the quality of the ques*^ 
tions in the data base* This quality is 
assessed through students^ subjective com- 
ments about the questions they receive and 
through statietical item analysis* Feed* 
back is also provided to students on how 
they are able to improve the quality of 
their question inputt the structure of 
the data ]>ase ie easily transferable to 
many data base systems which currently 
exist* 

XHTRODUCTIOH 

Many educators administer one or more 
pools of objective test questions as the 
basis for examinations* These pools usu- 
ally are in the form of multiple-choice^ 
fill-in-the^blank, or column-matching 
questions* Educators have a need to gen- 
erate r organizer stores Toodify, and 
retrieve such test questioned. 



dpubliifhing companies like Harcourtr 
eracsr Jovanovich (7) and SBA (10) have 
recognized this need and are willing to 
supply such pools in certain courses to 
faculty who adopt their texts* Their 
poolsr however^ lack associational struc- 
ture and are merely sequential files 
organized by text page number* 



The logical associations among the 
queetions within a pool present a diffi* 
cult administrative problem* Questions 
must simultaneously be ordersd in a number 
of ways; they may be grouped into sets by 
course topics^ by textbooks^ by page num*^ 
bers within textbooks^ by teets in which 
the questions were usedr and by many other 
categories* Question pools are also dif- 
ficult to manage because they are dynamic; 

?ueetions have different life epansr sub- 
ect to such factors es over-exposure in 
usagsr changes in texthooksr and obsoles- 
cence due to technological cbangest New 
questione must continually be added to 
these pools and ^ach new question forms 
multiple associations with previously 
existing questions* In addition^ periodic 
rewording and pruning of existing ques- 
tions are required and^ unless the ques- 
tions in a pool are already well organ- 
izedr it is difficult to detect synonymous 
questions t 

Kany traditional file systems have 
attempted to solve these associational 
problems* Yetr frequently these systems 
are expensive^ overly complicated^ and 
difficult to use* lliey lack the capabil- 
ity to make multiple associations among 
the data items* 

DATA BASE TECHNOLOGY 

Data base technology over the past ten 
yeare has been successfully applied to 
many storage and retrieval problems espe- 
cially where multiple associations exist 
among data elements* Such associations 
are logically repreeented as relatione 
(2), hierarchical etructures (z)t and simr 
pie or complex networks (9)* They are 
physically implemented through such 
methods hashiog^ tableer and listSt 
The data base approach has penetrated 
business and government and is in the 
process of replacing many traditional file 
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systems* DBMS are currently available 
even on minicomputers like IDH'5 Sys- 
tein/38f Hewlett Packard and DEC machines* 
Koweverf educc^'cional institutions have 
been slow to use data base systuns except 
for some purely administrative functions* 

FUNCTIONS OF RIBYT 

In this paperf we describe the func- 
tions and structure of the data base sys- 
tem called RIBYT at Virginia Commonwealth 
University » This system applies data base 
technology to the associational problems 
of using and maintaining pools of ques- 
tions for formal testing and student 
8elf-a8ses6tnent^« The single data base 
contains multiple pools of questions/ one 
pool for each course using RIBYT* The 
questions are of various types f including 
multiple-choice questions with single or 
multiple correct answers* fill-in-the- 
blank questions with multiple and alterna- 
tive correct answers; dnd column-matching 
questions* Eacih pool is under the direct 
control of the faculty members responsible 
for the course* In addition to faculty, 
students in some courses are allowed to 
create and add questions into the data 
base* student questionSf however, are cofn" 
sidered unedited until reviewed by a fac- 
ulty member* Such questions' while physi- 
cally intermingled with edited questions* 
are logically distinct* During the review 
process, student questions are accepted* 
modified, or deleted^, jij^^ question pools 
grow at a much more rapid rate when stu- 
dents are allowed to enter questions* 
With a large pool of questions and the 
security provided by a data base system* 
faculty allow student self-testing in a 
nonthreatening spirit similar to the 
se^f-assessment procedures afforded mem- 
bers of ACH (11)* Students view either 
faculty selected questions or random sets 
of questions, and receive feedback on 
their performance* The faculty control 
which questions the students are allowed 
to view, but students control (within lim- 
its) the number of questions, the course 
question topics, and text page ranges over 
whitih questions may be selected for self- 
assessment* students are generally enthu- 
siastic about participating in question 



^The self ^assessment aspect of RIBYT is 
one of the data base's unique character- 
istics, from which it derives its name 

, (Review It Before You Test)* 

^THe review process is also used to modify 
or delete questions which have failed 
statistical item analysis* 
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generation because they understand the 
merits of the self^testing* 

To improve the quality of student 
questions^ faculty, while reviewing the 
questions, optionally enter into the data 
base comments directed to the student 
authors of the questions* This feedback 
is a learning experience in test construc- 
tion, but even more so in course content* 
There are two other feedback mechanisms to 
improve the quality of the questions in 
the data base* First, from an inspection 
of patterns of student responses faculty 
may detect acceptable alternative respon- 
ses that were not previously considered* 
secondly* students can enter into the data 
base complaints concerning any of the 
self -assessment questions they h^ve 
received* As a result faculty and stu* 
dents critique the self-assessment ques- 
tions* Questions for formal examinations 
are selected from questions which have 
already passed through these filters* 

Sttident responses to test questions 
are used not only for student performance 
evaluation* but also for statistical item 
analysis. Each response entered into the 
data base is associated with a unique 
question number within the data base, a 
course test number, the question number 
within the test, the student making the 
response, and the student's score for the 
response* 

The RIBYT data base system associates 
two course topics with each question in 
the data base* Topics assigned to ques-^ 
tions by students are considered tempo- 
rary, until reviewed for editing by fac- 
ulty* Each course can organize its 
permanent topics hierarchically and 
independently of any other course* There 
is no limit to the depth of any of the 
hierarchies* The topics for all courses 
are physically in the same data sets of 
the data base, but logically kept dis- 
tinct* The hierarchical organi!:ation of 
topics provides flexible retrieval possi- 
bilities* Questions may be retrieved based 
on specified topics* Alternatively* they 
may also be retrieved by topics that exist 
as children nodes in the hierarchical 
topic structure* Retrieval* thereforr., is 
made as generic or specific as desired* 
Faculty and student users can view at any 
time the hierarchical structure of the 
topics which* similar to the questions 
within any question pool^ changes over 
time* 

IMPLEMENTATION OF RIBYT 

RIBYT was designed under the assump- 
tion that faculty and students using the 
system would know little or nothing about 
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data base processing* Application pro*- 
grams written in COBOL and BASIC act as 
the communication between the DBMS and the 
usersf who access the system through batch 
and on-line devices* BIBYT is impleinented 
on a Hewlett Packard 3000 Series II com- 
puter using the DBMS package/ IMAGE, which 
has been widely acclaimed {5)* The design 
of RIBYT is not restricted to IMAGE, how- 
ever* With minor modifications RIBYT can 
be implemented on many network-oriented 
DBMS* CINCOH's TOTAL DBMS is but one 
example (3)* 

ASSOCIATIOHAL STRUCTURE OP BIBYT 

Figures 1 and 2 illustrate the 22 data 
sets (files) of BlBYT* There are eight 
master4 and ;4 detail data sets* Master 
dajta sets contain records s^red by hash-^ 
ing* Each master record, cofiq>osed of one 
or more data items, can be linked to one 
or more detail data sets* Master data 
sets can be viewed ae either independent 
files or as sets of records where each 
record acts as a chain head to one or more 
records in a detail data set* Within a 
detail data set records are linked by for*' 
ward and backward pointers to form sets* A 
detail record may belong to one or more 
master data sets* Master data sets are of 
two types, manual and automatic* Unlike 
records in manual data sets, automatic 
data set records are stored or deleted by 
the DBMS itself* These records act as 
chain heads for records in detail data 
sets* With this data base architecture, 
networks of associations among records and 
data sets can be created and then manipu-^ 
lated by the DBMS* Figures 1 and 2 show 
for each data set its name, its typeS, and 
its associations with other data sets* 
Within a detail data set a chain of 
records can be further logically ordered 
by specifying one of the data it^ within 
the record as a sort it«m^* 



4Aside from the terms "master" .v,and 
"detail** which are peculiar to Hewlett 
Packard, we will adhere to CODASYLd) 
terminology as closely ^ as possible* 

5ln figures I and 2, B-Binary and 
X'Alphanumeric. The numeric value fol*' 
lowing the alphanumeric specification "X** 
represents the nuniber of bytes assigned 
to that data item* 

6ln figures 1 and 2 these sort items are 
designated as "S" under the appropriate 
data items* 
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Before faculty or students store or 
retrieve questions, information concerning 
the users is stored in the data set called 
ROSTER^, course information in the data 
set T£XTBOOK*-HASTER, and system initiali*^ 
zation information in the data set LAST" 
MASTER* Each record in ROSTEIJ contains a 
user's name, course and section number, a 
status (faculty or student), and a unique 
user identification number* TEXTBOOK-MAS*- 
T£H contains one record for each block of 
twenty pages of each textbook* Each record 
contains the textbook title, and a data 
item BOOK-BLOCK composed of course and an 
associated textbook number and the page 
block* Such structuring gives more rapid 
retrieval for those questions based on 
textbook page -.umbers* The data set 
LAST-'KASTER contains one record* stored 
here are the sequence nunlbers of the last 
questi<w entered into the data baf>e 
(LAST^QUES) , the last temporary topic 
{LAST-TEMP-TOPIC ) , the last permMent 
topic (LAST-PERM-TOPic), and a faculty 
password {FAC-CODE}* The latter allows 
faculty to perform such special functions 
as dumping an entire question pool for a 
course* in additi<w to the security pro*^ 
vided by the operating system and the 
DBMS, FAC-CODE and ROSTER are used to con*' 
trol access to the data base* SYSTEM- 
STACK is the other system data set, imple- 
mented as a stack that contains 
information on the last 50 interactive or 
batch jobs run* Each record contains a 
time stainp, plus a user and program iden* 
tification number* This information aids 
in backing out of system malfunctions and 
detecting unauthorized access* 

A user, wishing to enter questions 
into the data base, begins a sessicm at a 
CRT by choosing from a menu of textbooks 
associated with the user's courses* This 
menu uses information from the data sets 
ROSTER, ALTBRHATIVE-COURSE, and TEXTBOOK- 
MASTER* Then, for each question, users 
are prompted for background information on 
the question before entering the text of 
the question* This information will be 
entered into the data set QUESTIOH-INDEX* 
The user enters two course topic numbers, 
a textbook page number, and the type of 
question* The application program assigns 
a permanent or a temporary number to each 
new topic* The names and numbers of new 
topics are entered into the data set TOP*^ 
IC-MASTER* If the user wishes to index a 



7For readability the data*base, data sets, 
and data items are shown in capital let- 
ters. 
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question on only a single topic f the sec* 
end topic becofnes a duirany* The program 
then adds to the record in QubstioM-XNDHX 
the DATE, the BOOK-BLOCK/ a unique ques-* 
tion number <QU£S-NUM}, the version nundber 
of the question (QUBS-VERS), and the 
user's identification numlier* The status 
of the question (QUBS-STATOS) is set to 
"edited" if the user is a faculty memberf 
otherwise it is set- to "unedited*** The 
other data items in QUESTIOM-XKDEX are 
initialized to zero* 

After all data item values have been 
constructed for a record in QUESTION- IN- 
DEXf as the record is physically storedf 
the DBMS creates multiple associations 
using hashing and linked lists* the ques" 
tion's background information in QUESTION-' 
INDEX is linked to its author in ROSTER, 
the textbook referenced in TEXTBOOK'-HAS-' 
TER, the question's topics in TOPIC-HEAD^ 
and its unique question number in QUES- 
TION-HEAD* 

The text for a question and its 
answers are next entered into the data 
sets QUESTIONS and ANSWER-CHOICES * For 
fill-in'-the-blank questions the text is 
stored in QUESTIONS the answers are 

stored in anSWER-CHOICES * Alternatively 
acceptable answers for each blank axe 
stored in ANSWER-CHOICES* For multiple- 
choice questicms/ the stem of the question 
is stored in QuES'riON and the choices in 
ANSWER-CHOICES* Each choice is designated 
as correct or wrong (COHHECT-WRONG) * One 
can not afford to assign to each question ^ 
choice, and answer a fixed length equal to 
the largest possible number of bytes the 
text might need, rather, data base tech- 
nology is used to solve this problem* 
Text is considered as 40 or 72 character 
blocks linked together* Records in QUSS- 
VERS-HEAD are chain heads for sets of 
character blocks in the data sets QUES- 
TIONS and ANSWER-CHOICES* Within the data 
set QUESTIONS each textual block of char- 
acters is assigned a sequential line num- 
ber (LINE-lfUH), which is used as a sort 
item to keep the text in correct logical 
order on a chain^^ Since any choice of a 
mtiltiple-choice question may also have 
more than one line of text, the sort item 
called SBOUENCE is cos^sed of the alpha-* 
betic choice designator (A/B/CDror E) 
concatenated to a text line number within 
the choice* ^s system automatically 



8Records in any of the data sets are not 
necessarily stored in the same order in 
which they Vere .input* 
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keeps the choices and the lines of text 
within each choice in logical order* The 
total number of times each choice is 
selected as an answer in either formal 
testing or self'-testing is later stored in 
the data item resp-TOTAL* 

Question retrieval 

There are many selection options for 
question retrieval from RIBYT, aside from 
retrieval for editing purposes* Question 
retrieval is first divided into formal 
testing and self-testing* Faculty can 
restrict questions so that these are used 
only in formal testing* Each type of 
testing is further divided into three 
options* under the first option faculty 
specify by question number the actual 
questions to be included in a test* under 
the second opti<m faculty specify that a 
single set of questions are to be randomly 
selected for an entire class* under the 
third option faculty indicate that a dif- 
ferent set of questions are to be randcflily 
selected for each student* Faculty jpay 
specify that questions are to be selected 
based on one or more topicsf page rangesf 
or any combination of topics and page 
ranges* In self-^testingr faculty may 
leave topic and page Ci^lection to each 
student's choice* 

D2UCA SETS USED IN QUESTION RETRIEVAL 

^three data seta are used to control 
question retrieval* ^ese dita sets con- 
tain specifications that are used by a 
retrieval program to select questions from 
the data base for formal testing and 
self-testing* The first data set/ TESTS/ 
has a primary key COURSE-TEST-NUH/ whi^ 
is a coiidt>ination of the course designation 
and a test number within the course* Each 
record in TESTS r^resenta a single test* 
Each record has a SECUItm-CODE to control 
access to the test* ^e percentage that 
each test represents towards the total 
course grade is stored in TBST-WEIGHT* 
The number of questions per test/ the num- 
ber of times a test may be taXen/ the 
average difficulty factor per test quae'- 
tion^ the types of questions/ the selec- 
tion options^ and the mix between vali*- 
datod and unvalidated questions are stored 
in the data set TESTS* when faculty wish 
to designate the actual test questions^ 
the set of question nunibers is stored in 
the data set SP£CIFI£D-QU£S by question 
nun&er (VERS-NUH) * Each nuniber acts as a 
search, argument to retrieve the text of 
one quest: n« ^is retrieval is performed 
as follows* First the system uses the 
value VERS-NUM in SPECIFIED*'QUEi3 to hash 
into the data set QuES-VERS*^HBAD* The 
retrieved record then points to sets of 



21') 



Testing/Plar^rnent 209 



textual blocks, representing a questioHf 
its choices, and answers in the data sets 
QUESTIONS and MSWER-CHOICES. 

The data set PAG£S*T0PICS is a multi* 
purpose data set* Each record in PAGES* 
TOPICS stores either a textbook page range 
or one or two course topic identification 
numbers » Each record is linked to an 
individual test in the data set TESTS* 
The value of the data item PAGE-tqPIC-^ 
SWITCH indicates "Whether a record contains 
page or topic information* For pages/ the 
data items STAHT and END store page ranges 
and the data item BOOK-KIER stores a 
course textbook identification number* 
For topicsf two topic identification num-^ 
bers can be stored per record; one in 
STAHT and one in END* BOOK-HIER is then 
used as a binary switch to indicate 
whether only designated topics or their 
hierarchical childiren are to be included 
in question retrieval* Question retrieval 
based on texthook pages is accomplished by 
hashing into TEXTBOOK-MASTER and following 
appropriate chains into the d^.ta set QUES* 
TIOH-IHDHX and from there using the coin* 
bined data items, QUES-HUH and QUES-VERS, 
as a key to hash into QUES-^VERS-HEAD* 
Then the program follows chains into QUES- 
TIONS and AHSWER-CKOICES as ^described 
above* Question retrieVal by topics is 
similar after entry into QUESTIOH-IHDEX 
from TOPIC-^HEAD. Since all hierarchical 
twins of a given parent topic aire organ- 
ized as a set in the data set TOPiC-iHDEXf 
whose meiiO:>ers are linked to a topic in 
TOPIC-HEAD, sub-topics are found by first 
hashing into TOPIC-HEAD and following a 
chain into TOPIC-INDEX* 

STORING AND RETRIEVING TEST RESPONSES MD 
TEST SCORES 

information concerning student respon* 
ses is stored in six data sets; TEST- 
SCORES/ TESTSi RESPONSES/ STUDENT- GRIPES/ 
ANSWER-CHOI CES , and RESP-FEEDBACK * The 
set of all test scores for a given test is 
linked together within the data set TEST- 
SCORES, and this set is itself linked to 
the data set TESTS* within the data set 
TEST-SCORES is a chain associating all 
tests for each strident* Since RXBYT han- 
dles the possibility that the same student 
takes the same test more than once, each 
test score is made unique by being associ- 
ated with a time stamp da^'e-TIME in TEST- 
SCORES* 

The student responses to each test 
question are stored in the data set 
RESPONSES* Each record is composed of a 
question identification number (VERS-NUM) , 
the qu'^stion nuniber within the test/ the 
text Vine number within the response/ a 
code indicating whether the response was 



correct or incorrect, the student's 
response, and a combined data item (USER- 
DATE-TIHE) formed from the student identi- 
fication number and the time stamp* Each 
response in the data set RESPONSES is on 
two link paths, one originating from the 
data set QUES-VERS-HEAD, the other from 
the data set TEST-HEAD* In addition, 
since it is desirable to have the respon-^ 
ses continually sorted by test question 
number within a test and since there may 
be more than one text block per student 
response, the two sort items, TEST-QUES- 
NUM and LINE-NUM, are used as major and 
minor sort fields for the records on a 
USER-DATE-TIME chain* 

Besides receiving the traditional per- 
formance feedback to their iresponses (a 
list of correct answers, questions, and 
test scores), students may receive textual 
comments concerning particular responses* 
Faculty store these in the data set RESP- 
FEEDBACK* After Students receive feedback 
on their tests ^ they may enter into the 
data set STUDEHT-GRIPES their reactions to 
any individual teat questions/ anony- 
mously, or by student identification num- 
ber* Course grades can easily be deter- 
mined based on the data sets TESTS and 
TEST-SCORES* 

STATISTICAL ITEH ANALYSIS 

TWO measures of a question's quality 
under statistical item analysis are item 
difficulty and item discrimination (4)* A 
difficulty index is calculated concur-^ 
rently for every question in a test* The 
set of student responses is retrieved by 
hashing into the data set TESTS with the 
key COURSE-TEST-NUM and obtaining all 
chained records in the data set TEST- 
SCORES* For each record retrieved the 
data item values of USBR-ltUM and DATE^TIHE 
are used as a concatenated key to hash 
into the data set TEST-HEAD* All test 
responses for a single student are 
retrieved from the data item CORRECT^WRONG 
of the data set RESPONSES through a chain 
originating in the retrieved test-heaD 
record, and this procedure is then 
repeated for each student* the retrieval 
is rapid and passes over all other tests 
in the data base* The calculated diffi- 
culty indices are then stored in the data 
set QUESTION-INDEX* Ttte qalculations for 
statistical item discrimination require 
the same data sets as item difficulty 
determination* 

CONCLUSION 

The associational power inherent in 
the data base system ribvt allows many 
relationships to be made and* maintained 
among courses/ textbooks, course topics, 
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students, faculty, te&ts, test questions, 
test construction options, and student 
responses to questions* RXBYT stores sub- 
jective and statistical feedback on the 
quality of the questions in the data base 
and aseociates this feedback with the test 
questions* This system supports formal 
testing and self-assessment procedures and 
allows the storage of many types of ques* 
tions, while imposing no limit on the size 
of any question or answer*- - The centralis 
zatlon of the logical associations into 
one data base provides better security and 
easier maintenance than traditional file 
systems* 
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. INTRODUCTION 



The Indiana Vocational Technical 
College at Indianapolis (ITOCIN) main* 
tains an Instructional program to serve 
the mathematics needs or students he** 
ginning study In health occupations 
technologies. The program le based on 
Streeter and Alexander's Fundamentale 
of Arithmetic (1) # beginning witn 
whole number operations ^ continuing 
with fractions^ declmalSf and percenter 
emd extending to ratios and signed 
numbers. The materials are organized 
In 15 moduleSf each with a pre*^testf 
a practice test, and a mastery test 
used to guide individual students to 
the study materials appropriate to 
their evident needs. 

Although the Instructional 
materials In the program proved 
appropriate and were reasonably well 
received by students using them, 
certain problems soon developed In ' 
guiding students to the modules speci- 
fic to their needs, in particular^ the 
following w^e notedt 

1. The handling of pre-'tests on 
an Individual basis was time consuming 
and otherwise a burden on testing 
personnel. 

2. Because of the limited number 
of pre-test forms and the level of 
supervision for actual testing, It was 
possible for students to use the pre- 
test materials In ways which would fool 
thttRselves regarding their mathematics 
skills. 

3. Capable students were bothered 
by the need for working through several 
tests in order either co find a suitable 
starting module or to demonstrate 
competency -and by*^pass the program 
entirely. 



4. Neither the student nor the 
staff could readily get an impression of 
how the student stood with respect to 
the whole program. 
COMPUTED APPLlCATlOtf 

in an effort to mitigate these 
problems, work was begun early in 1976 
to adapt test materials and procedures 
which had been in use at another IVTC 
institution (2). These materials con- 
sist of a programmed test format, which 
require . students to attempt eq^al num*^ 
bers of test It^s in each of several 
categories, together with computer 
scoring and data processing. This use 
of a computer enables first the scoring 
of each student in each It^ category, 
with subsequent determination of score 
statistics for each student group. As 
will be shown in subsequent examples # 
this use of a conputer yields informs* 
tlon in detail which would be practi- 
cally impossible to get from hand scor- 
ing. Previous wor)£ with the comblna* 
tlon of test format and computer data 
processing had demonstrated efficiency 
in the use of test administration time 
and the posslbllltyof rendering in- 
formation from each of several relative* 
ly Independent item categories (3). 

Figure 1 shows the computer scor- 
ing output for a select group of 
students. The category of subtest 
scores appear in six columns following 
the student names. A key at the bottom 
serves to identify six subtests. For 
this test some grouping of modules was 
necessaryf e.g. # instructional modules 
1-3 dealing with whole numbers are all 
represented in subtest one. The key 
further identifies the SCR column as 
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SUBTEST SCOflES 



tIAHE 1 


2 


3 


4 


5 


6 


1-6 


NP 












ERROR 


ITEMS 














Bob W. 3 

.43 


-4 

-.57 


2 

.33 


1 

.17 


-4 
-*8Q 


1 

.17 


-1 

-.Q3 


37 


51 


32 


18 


5Q 


4 


5 


14 


26 


61 


72 


76 


82 


71 


79 


8 


Bev H. 5 

.83 


-2 

-.22 


-2 
-.29 


-5 

-.63 


1 

.14 


*4 
-.57 


-7 

-.16 


44 


13 


.33 


53 


17 


45 


52 


39 


58 


14 


66 


76 


82 


71 


85 


7 


8ue D. 7 

l.QQ 


-4 

-.4Q 


-2 
-.29 


Q 

Q 


-1 

-.13 


-2 
-.22 


-2 

-.04 


48 


7 


24 


21 


53 


28 


18 


50 


57 


40 


14 


66 


76 


82 


71 


6 


Jo B. 7 

l.QQ 


-2 
-.2Q 


1 

-.13 


^4 

-.57 


Q 

0 


-2 
-.25 


Q 

0 


48 


31 


42 


54 


5Q 


45 


23 


38 


59 


44 


66 


76 


71 


79 


62 


6 


P«t W. 7 

l.QQ 


5 

.56 


3 

.43 


5 

.83 


.67 


-1 
-.14 


23 
.55 


42 


18 


56 


52 


5 


59 


19 


66 


76 


81 


74 


62 


83 


80 


78 




Pam W. 7 

l.QQ 


8 

.89 


2 

.22 


Q 

Q 


-2 
-.25 


Q 

Q 


15 
.31 


48 


31 


23 


58 


3Q 


26 


83 


80 


77 


85 


81 


74 


66 


76 


65 


7 


joy D. 8 

l.QQ 


7 

.78 


6 

l.QQ 


-1 

-.13 


2 

.29 


2 

.2Q 


24 

.5Q 


48 


7 


24 


52 


3Q 


26 


67 


77 


85 


75*77 


79*73 


65*79 


6 


Dee 8^ 
l.QQ 


8 

.89 


5 

.71 


-1 

-.14 


5 

.71 


Q 

Q 


25 
.54 


46 


53 


56 


52 


14 


72 


76 


77 


85 


81 


70 


65 


66 


76 


65 


6 


Liz K. 7 

l.QQ 


9 

l.QQ 


6 

.86 


-2 
-.25 


7 

l.QQ 


8 

l.QQ 


35 
.76 


46 


13 


43 


42 


14 


79 


66 


85 


















Kay B. 7- 
l.QQ 


IQ 

l.QQ 


7 

l.QQ 


-7 

-.88 


8 

l.QQ 


8 

l.QQ 


33 . 
.69 


48 


13 


43 


42 


57 


30 


79 


35 


65 

















SUBTBSTKRY 

** 1 » WHOLE HUHBERS ** 2 » PRACTlOHS ** 3 -DECIMALS ♦* 4 » PERCENT 5 » RATIO ** 

** 6 » SIGNED HUHBERS ** 
** SCR » SUM OP SUBTEST SCORES ** NP » NUMBER OP ITEMS ATTEMmD ** RATIO SCORE " SCORE 

DIVIDED BY RELMED HP ** 

fijgure 1. EoKStimUa fMl Mstteutlcs floorin? Profmn Output 



holding the sum o£ «ix subtest and the NP 
column as showing the total number of 
items attempted by each student. Numbers 
et the far right identify the first 15 
mistekea made by each student. 
TEST SCORING 

Subteat scores for each student are 
presented in two numbers. The firetf the 
raw score for each subtent. Is based on 
one point for each correct response. A 
penalty is applied for making errors in 
segMsnoef this scoring yields an expected 
score of 2ero fox a student stretegy of 
pure guessing, if performance is worse 
than that from pure guessing^ i.e.f if e 
student consistently maketi errors in e 
subtests then thet subtest score beoomes 
negative. The second number^ the retio 
score appearing below each raw scores is 



tne result obtained from dividing the raw 
score by the number of related items at- 
ten^ted. As should be evident^ the co^- 
putetion of seven raw scores and seven 
ratio scores would present e formidable 
task for anyone att^tinq hand scoring of 
this type of test. 
APPROPRIATE PLACEMENT 

The students represented in Figure 1 
were selected to present a range of stu- 
dent performance. Bobf the first students 
obteined a row of scores which could well 
result from guessing. It appears likely 
that he mede consistent errors in items 
deelf,ng with freetions and ratios* but he 
earned only three points in seven ettempts 
with vhole-numberSf so we may be reeson- 
ably confident Bob should start at the 
beginning of the instructional program. 
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INDIANA VOCATIONAL TECHNICAL COXl^GE 
INDIANAPOLIS 
H ^ 31 HATHEHATICS SKILLS ASSESSMENT PBDGRAM 
FOR 

Pat 4 679 80981 44 

THIS PROGRAM IS AIMED AT HELPING YOU DEVELOP THE BASIC MATHEMATICAL SKILLS NBEDBD 
TO DO AH EFFECTIVS JOB IN THE IVTC SPECIALTY YOU INTEND TO ENTER. THE PROGRAM HELPS YOU 
AND YOUR INSTRUCTOR FIRST BY NOTING THfi PABTS OF THE IVTC MATHEMATICS SEQUENCE IN WHICH 
YOU MAY ALREADY HAVE AD&QUATE SKILL. NOTE IS ALSO MADE OF THE SECTIONS, OR MODULES IN 
fmiCH YOU APPEAR TO NEED ADDITIONAL HELP AND PRACTICE. AS YOU KNOK, MOST PEfiSOI^S EN- 
TERING TECHNICAL EDUCATION NEED TO IMPROVE THEIR SKILLS IN SOME PARTS OF MATHEMATICS. 

THE PRIMARY PURPOSE OF THIS ASSESSMENT PROGRAM IS TO HELP YOO GET STARTED AT THE 
mim WHERE YOU CAN DO YOURSELF THE MOST GOOD.^ ONCE YOU KNOtf THE MATHEMATICAL MODULES 
YOU N£EO TO WORK 0N# YOU HILL FIND YOUR INSTRUCTOR AND THE LEARNING LABORATORY STAFF 
READY TO HELP. AND AFTER A PERIOD OF INSTRUCTION AND PRACTICE, YOU CAN CALL ON THE 
SKILLS ASSESSMENT PROGRAM TO CONFIRM THE PROGRESS YOU HAVE HADE. 

THE FOLLOWING MESSAGES SHOULD HELP - 

pat H. 

YOU WORK SOMEWHAT FASTER THAN THE AVERAGE WHEN TAKING THE TEST. THIS IS A REASON- 
ABLE STRATEGY, DUT YOU MAY BE GUESSING ANSWERS TO ITEMS WHICH YOU COULD SOLVE IF YOU 
SPENT A LITTLE MORE TIME ON THEM. 

rr AFPFJUtS YOU DO YOUR BEST WORK WITH THE MATHEMATICS IN MODULES 1-3. YOUR SCORE 
OF loo INDICATES ADEQUATE SKILL WITH WHOLE NUMBERS. 

JUDGING FROM YOUR RESPONSES, IT APPEARS LIKELY THAT YOU HAVE ADEQUATE SKILLS IN THE 
FOLLOWING TOPICS* 

TOPIC SCORE IVTC HATH MODULES 

PERCENTS 83 TEN 

ALTHOUGH YOUR SCORES DO INDICATE SUFFICIENT SKILL, THERE MAY BE SOME ROOM FOR IM- 
PROVEMENT, AND YOU MAY BENEFIT FROM A QUICK REVIEW OF ONE OR MORE OF THE MODULES LISTED. 

EVIDENTLY YOU HAVE MADE SOHI^ PROGRESS IN LEARNING ABOUT FRACTIONS, HOWEVER YOU DO 
APPEAR TO NEED MORE PRACTICE WITH THE MATERIALS IN MODULES 4*7. 

PROBABLY YOU CAN DO YOURSELF A LOT OF GOOD BY GETTING TO WORK ON THE MATERIALS IN 
MODULES 8 9, EVIDENTLY YOU DO NOT HANDLE DECIMALS VERY WELL. 

NO DOUBT, YOU REALIZE THAT YOU KNOW SC«ETHINGS ABOUT RATIOS, BUT YOU DO HISS SOME POINTS 
HERE AND PROBABLY HILL BBHEPIT FROM ATTENTION TO IVTC MATH MODULE ELEVEN. 

EVIDENTLY YOU HADE HISTAKES ON THE FOLLOWING TEST ITEMS 

18 56 52 5 59 19 66 76 SI 74 62 83 80 78 

Figuttt 2. FidtlnilA M^3l Mathonatics Soaring Piognm Oatput 



The n6Xt three students received 
very low scores In moet subtests, yet 
scores which are evidently adequate In 
the vhole nunlber subtest. Bev had the 
lowest total score (-7) observed to date, 
but did five out of six whole^nuiober 
Items correctly. Evidently these students 
will benefit from etarting with the In- 
structional materials on fractions, pat 
vlll also benefit from starting with the 
instructional materials on fractions r 
however, she obtained acceptable scores 



in other subtests. 

pam. Dee* ^nd Joy, the next students 
listed, had scores characteristic ot ade- 
quate performance in two or three eub* 
tests. Reconnendations for these students 
«ould lead to intermediate modules in the 
in'itructlonal program. The scores for 
Pam and Dee indicate soae study is needed 
beginning with module eight. Joy may 
well be advised to begin with module ten. 

The two students remaining. Lis and 
Kay, received practically perfect scores 
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In all but one subtest. Evidently these 
girls made all but one of their mistakes 
on Items in the percent subtest. Kay's 
scores are especially noteworthy. She 
worked rapidly on the testf atten^tlng 46 
Itens In the 30 minutes allowed. She 
got all Items correct In five subtests 
yet made errors In all eight of the per- 
cent ItMOS she tried; the negative seven 
score results because the first error Is 
not penalised. 
IHDXVIDUAL OUTPUT 

The computer program which produces 
,the test scores has been extended to 
yield a one-page message for each student 
on t^lch the student's ratio scores are 
ranlcedf and the subtests on which he did 
best are Identified. Appropriate ^s- 
sages are selected^ Including recommenda- 
tions for aotlon. Duplicate copies are 
produced for the student's file and for 
instructional supervisors. A facsimile 
of this output Is presented as Figure 2. 



SCOHE STATISTICS 

During the period to July 1979 # the 
M-31 test was administered to approxi- 
mately IQQQ mciH students. From the 
total groupf some 763 were identified by 
instructional program. The response data 
from these students were grouped and test 
score statistics obtained for students 
entering each of seven health occupations 
programs at XVTCIH. The numbers of stu-* 
dents, identified by. instructional program 
ranged fr<»n 31 for health career prepa- 
ration to 455 entering the practical 
nursing program. Numbers of students in 
groups may appear to change and the sums 
of groups may be different from the total 
tabulated in Figure 3. This is because 
additional data were received and pro- 
cessed during the time the report was in 
preparation. 

The score statistics were arranged 
by ranking the mean total ratio scores 
for the instructional groups. This 
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tHI£ OOMH tECJStKS lERCEHT BNTICS $IQia> HOISiL ITDG 
HOB. TNCnXXS H3S. SOCSB AlUWitli 



1 


46 






.93 


75 


.74 


.49 


.76 


.71 


.73 


40.56 






1^ 71 


' SID I£V 


.09 


.35 


.33 


.44 


- .39 


.34 


.22 


6.62 


2 


26 


IG) lAB TBCH 


mast 


.93 


.72 


.75 


.45 


.72 


.70 


.71 


40.07 






N- 61 


SID ECV 


.15 


.41 


.29 


.52 


.37 


.37 


.25 


9.06 


3 


46 


MDIOCDjIC toch 


mN 


.92 


.66 


.69 


.47 


.74 


.66 


.69 


39.31 






1^ 57 


STD tflEV 


.13 


.36 


.34 


.44 


.39 


.33 


.21 


7.64 


4 


42 






.95 


.57 


.66 


.39 


.67 


.69 


.65 


39.25 






N- 57 




.09 


.46 


.34 


.46 


.51 


.39 


.25 


8.27 


5 


44 




mm 


.92 


.62 


.66 


.27 


.59 


.49 


.60 


36.65 






!*- 455 




.15 


.41 


.30 


.46 


.47 


.44 


.25 


6.42 



6 


37 MEDTCALJISST 


mm 


.93 


.62 


.66 


.22 


.45 


.46 


.56 


35.64 




N- 39 


STD COT 


.12 


.42 


.32 


.50 


.53 


.52 


.26 


6.27 


7 


93 HUH CKFQR PREP 


MEMT 


.76 


.33 


.33 


-.06 


.a 


.30 


.31 


37.45 






SID CC^ 


.27 


.54 


.4a 


.60 


.53 


.50 


.36 


10. d7 


6 


Mil OOtJtt 


HEAH 


.92 


.62 


.66 


.32 


.61 


.55 


.61 


36.52 




1^ 610 


SdD C6^ 


.15 


.42 


.32 


.50 


.47 


.44 


.26 


6.69 



FXGURB 3. M-31 SOQDB 9IKFISI1CS DdSmOBUnD tS£ DBI'fUCIICHUi SOUP 
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ranJdng placed the resplratocy theffqptx^ students 
highestf and the health career peeparatim 
Stuarts lowest. The oamplete statistics foe all 
B&rm studlent gro^ are presented in Figure 3. 
Mean soores axe ptestitited for all six of the 
H-31 subtestSf as veH as fbr total eoaa:^ and 
rmhet: of item attaifitad. Witii the cMoeption 
of the item-attenpted meatif the scares xegter 
sented are ratio 90caceB (i^e.f the raw soooce 
divide by the nuvber of related item attoifited) 
for each stuteit. As can be seen the subtest 
means raiige frcm 0.95f cocrespondiiig to a mean of 
nlxiety^fivie peroentf doim to a negative 0.06. 
This latter score Indicates average test per* 
fotmanoe juat slightly worse than would be 
pected for a ebJdent strategy of pure guessing. 

Figure 3 Indicates thabf cn the avetaqef the 
H-31 test is of readonaJsle difficulty tot 
students entarlng he&ltli service inttructicn 
pcograns at IVPON. Bowewer, the difficulty is 
not even for different groups. The resplratoocy 
theraiy and nedioftX laboocatory tedmioian 
trainees and the radUdogic and surgical tedmi- 
cians find the test quite easy. Ihe statistics 
dhob/ thatf especially in the first grot^f mc^ 
students handle the desisted range of 
arlthietic skill adeguat^. tJhquesticnablyf 
there are many of th^ students ^ have little 
to gain tcm fUrther stu^ of the skills repre- 
smted. tmtq the students wha do seent to need 
flirther related stod^t tte need appears to be 
greatest foe pesroent drills. 

Data f<x all students, induding acme 
tested after mld-JUlyf Shov that there is seme 
oorreapcndenoe hetb^een tte arithnetic ei>ilitie8 
that have been acquired by the entering students 
and the seqcienoe of instructional inoduXes. On 
average, all groops score highest cn 
the whole muter subtest. With the exception 
of the percent sooreSf there is a trend toward 
lower scores in the subtests related to lat^ 
instructional modules. lAie break in the se- 
quence of sooresf at the percent subtestf 
may indicate either need foe special ^fort if 
students are to attain 80 percent perf oonanoe 
or sinfd^y that the test items wre unrea-* 
sonably diffloolt. 'SIhB break does call at- 
tention to an advantage of the tMt fdonats 
evidently seme studenbs who hove difficult with 
test item related to module 10 readily surpass 
the criterion 80-pexoent perfomiBnoa in items 
related to module XI and to signed novtxrs. 
Here the test f onnat and coipiter data prooes" 
sing enable identification of the difficult 
mterials and may dtndate the need for subse- 
quent modules. 
SIGHIFICUO 

'Sm statistical tests have bem performed 
on H-31 data obtained to date. Cne-My 
analyses of varianoe have been dene on each 
ooltinn- figure 3) of gtx/cp subtest soores to 
dtack for significant differences betmen 



groups, for exanpie to see lAiether the respiratory 
thera^ studeits and the tPN's could be regarded 
as ccming fron the secne populatiion. The analyses 
wre run twloe# once with And once without the 
health career preparation group, the results are 
presented in Table t terms of F. values. 



^JEfTEST 




wrra 


1 Whole Hiirbers 


0.545 


5.271* 


2 Reactions 


2.099 


4.473* 


3 Decimals 


1.581 


7.425* 


4 peroents 


5.246* 


7.455* 


5 Ratio 


4.172* 


7.4B3* 


6 Signed NUndbers 


7.747* 


3.135* 



^Significant at 0.01 or less 

Table 1. F^^values for analysis of 

variance in subtest soores, 
with and without health 
care po^eparatlon students. 

!Iheae values ehn/ thatf excluding the HCP 
studentSf only marginal differences appear 
bet^feen gi^ou^ wlth^reooxd t6 ^Le mitlmrt 
fractidn, sAid deciinal 'subtest soores. Signifl*- 
cant differences appear in the other stibtest 
soores. i^ien the HCP students are included, 
siglf leant differences appear in all subtest 

APPLTCMICW OF HBSUTfTS 

VBing the ptmedures discussedf students are 
able to revietf their own strengths and weatawesos 
related to mathematlcsf both as indivi&ud 
applicantsand in relatiion to the other imlioants 
seeking «tRisslon into a program area. Tim 
Indiana Vbcatlonal technical college at Indiana^ 
olis helps students in their areas of deficiency 
so they can dev^^ the mathematical s)cills 
necessary for adndsslon and cmitual success. If 
scores are acceptable for program adnissionf the 
Related BSucation Department can use the darisa as 
a basis to Increase mathonatic skills in li^ of 
the health pcogr a ns needs and objectives. 

When inbalanoe develops bebnen the mxibers 
<^ students seeking to enter different health 
flpecialitieSf an Individual's scores may poxii^ 
enocucfl^nient for consideration of other 
specialities also within tte student's present or 
fiiture range of mathematical d^relofnent. fbr 
^aaaglet some students seeking to enter the 
practical nursing program may beneficially 
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consider otter liiBtructional ppogr a ns* 
OONCXIBICHS 

A vxcpxt/er-bBMed testing pmoe^m has been 
Adapted to manage the mathematics plaoenent 
students pumiliig Inatxuction In healtli oocilpa- 
tiom. The agpllcaatlon enables mm efficient 
use of sdxol peceomel and oMpedltes plaoonent 



iiii <x bv^pas3 o£ i a sequence of mathematics 
instruction acdulee. Seme noomative data have 
been obtained and sane significant dif fecenoes 
fleon to €Kist between sooces of students 
B&Msig Instmction in'different health 
■pedalities. 
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IMPROVING UTILIZATIOH OF TWO-YEAR 
CoXliEGE COMPUTER CENTERS 

Robert L. Burrows 

Trltcn College 
2000 Fifth Avenue 
River Grovef Illinois 60171 
(312) 456-0300 



ABSTRACT 

This discussion will begin with an over- 
view of the areas of responsibility of a 
coinputer-asslsted learning agency and then 
elaborate on what can be done in these 
areas once one actually becomes an agency. 
Specific topic areas include the folloi/ingt 
--'Marketing approaches to attract teachers 
to the computer via such means as 
semlnarsf newslettersf and committees. 
—Training instructors in con^uterSf 
using as specific examples the three 
courses now being offered ::o Triton 
faculty each semesters Introduction 
to Computers and Prograimtiingf Intro- 
duction to Statistical Analysis Using 
SPSSf and Introduction to Computer 
Graphics, 
—working with faculty to obtain 
educational software including 
catalogSf maqazinesf educational 
suppliersf and user groups. 
—Supporting software written or planned 
for academic usersf including changes 
to system software # program filters 
written to convert foreign softwaref 
an electronic mailing system^ a 
program directory system^ and a CHI 
system. 

-^working with faculty in obtaining 
hardwaref using as exaiqple the 
terminals and microcomputers purchased 
atr Triton and its plan for a computer 
lab. 

—Problems with computer education 
specific to a community college. 
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TEACHING .CCHFDTER BTHICS 

tValt«r Haner 
Philosophy ,and Conputer Science 
Old Dominion University 
Norfolk, VA 23508 



The management, staff, and users of 
information systems of all kinds will 
benefit greatly from training In applied 
professional ethics. These professionals 
nork In an environment %thftre they must 
deal responsibly and knowledgesbly with 
critical moral problems (such as breacu 
of privacy, computer crime, and dehuman* 
Izatlon) which are ag9rav6te<3# trans-* 
formedf or created by the advance of 
computer technology. 

A general rational for a course In 
computer ethics willf therefore^ be 
developed along with course design 
criteria^ a full course descrlptlonf a 
set of proposed course objectives, 
associated bibliographies, and a taxonomy 
of subject matter areas within the field 
of Information ethics. 

Attendees will break Into small discus-* 
slon groups to study cases Illustrating 
moral dll&nmas posed by the use of 
computers In education. 



Tutorial 



PASCAL TUTORIAI* 

Harry P. Haiduk 
Antarillo College 
P.O. Box 447 
AmarillOf Texas 7917$ 



ABSTRACT 

This tutorial is com^erned with 

(1) a brief historical view of PASCAL in 
terms of its philosphy and stated design 
goals 

(2) a brief review of its current rele- 
vance in a diverse set of applications ^ 
particularly as it may relate to the new 
Department of Defense Comnkon High Or<3er 
Language f ADA 

(3) a comparison of PASCAL'S logic and 
data structures with those of BASIC # COBOht 
FORTRA», and PL/I 

(4) actual running program examples con-* 
trasting PASCAL with BASIC and PORTRAH. 
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CWFUTER-BASED XNSTRUCTtOH FOR THE PUBLIC SCHOOLS: 
A SUITABT^ TASK FOR HICKOPROCESSORS? 
Dr, Timothy D, Taylor 
Coiiq)uter Based Education Center 
308 Carroll Hall 
The University of Akron 
Akron. Ohio 4432S 
(216) 375 7848 



OVERVIEW 

The microprocessor is proving itself 
as an attractive, low-cost device which 
has the capability to serve its owner as a 
record-keeper, accountant, entertainer, 
and tutor. The attractiveness of the de- 
vice has led teachers and other educators 
to explore its potential for providing 
computer-based instruction. While no de^ 
vice, whether it be a microprocessor, a 
large computer, or something in between^ 
should be viewed as dimply good or bad 
for education, all devices have charac* 
teristics which must be considered before 
an investment i& made. One might expect 
that a computer terminal connected to a 
large computer (resident or non<*resident) 
might have capabilities that microcompu- 
ters lack, and this is certainly the case. 
Whether or not a school should purchase a 
micro, however, depends entirely upon the 
function which the machine will have. 
Following is a discuscion of the educa- 
tional services that can and cannot be 
provided by off-the-shelf, low-cost^ 
microprocessors such as the Apple IX or 
Radio Shack's TRS-80 (Model I). 

DISPLAY CHARACTERISTICS 

The variety of characters, graphics^ 
and colors that microprocessors are ca- 
pable of displaying haa been a major fac- 
tor in the success of its sales during 
recent years. The Apple ll and Ohio 
Scientific micros, for example, can pro- 
duce graphics, colors, and sounda, in 
addition to displaying standard keyboard 
characters. Graphics are often helpful, 
particularly for the teaching of such aub- 
Jects as physics and his^er level mathema- 
tics, but the most important characteristic 



required for much of the current instruc- 
tion in the public schools is the display 
of upper- and lower-case alphabetic char- 
acters. None of the low-cost micropro- 
cessors Is sold with upper- and lower-case 
displays, although most of them can be 
modified, at extra cost, to add this capa- 
city. The use of color and sound can add 
significantly to the appeal of micropro^ 
cessor-based courseware, but the lack of 
dual'case alphabetic characters has to be 
considered a serious limitation for the 
teaching of such subjects as English and 
reading . 

SIMPLICITY OF OPERATION 

A public school student using a termi"^ 
nal tied to a large computer typically be- 
gins his session by being seated and typ* 
ing one short message. At that points he 
has entered the computer-based education 
course and is working where he left off 
during his last s^ASion or where his pre- 
vious performance records indicate that he 
should be. One CBE course may contain 
enough material to teach the student and 
track his progress for a year or more. A 
student using a microprocessor (presumably 
with at least one disk drive) typically 
has a more complicated procedure for begin* 
ning his session. He will obtain his disk, 
be seatedi insert his disk into the disk 
drive, power-on the machine so that the 
initial, program will be loaded into memory, 
and theil he is ready to begin^ He may or 
may not have to type a message telling the 
computer to start the lesson. He probably 
cannot start where he left off last time; 
howeveri a carefully programmed lesson may 
enable him to choose his own starting 
point. One disk may contain enough materi- 
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al to tutor the student for a ntm^er of 
hours. 

In the public schDoIdt students using 
terminals connected to ^ large host compu* 
ter can be given the freedom to use the 
terminals without teacher supervision be^ 
cause the sign*on procedure is simple and 
because no peripheral materials, such as 
floppy diskSt are required. Use of a 
microprocessor may require the monitoring 
of a disk storage area and a check-out, 
check-in systen for students to borrow 
disks. Since a standard Scinch floppy 
disk contsins only a limited amount of ma^ 
terial^ the student will frequently need 
to exchange his disk in order to switch to 
another topic. 

In terms of simplicity of operation^ 
the advantage appears to rest with the 
terminal connected to a large host compu* 
ter. 

ADDKESSIN6 A VARIETV OF LEARNING NEEDS 

A typical^ well^planned CB£ course con^ 
tains a sufficient quantity of instruction 
to meet the needs or a variety of differ* 
ent students: the sl''^ learner^ the rapid 
learner^ the student vho knows nothing 
about the topic being presented^ the stu* 
dent who already has familiarity with the 
subject matter. As the student works 
through the InBtruction^ his performance 
will cause him to be branched forward for 
advanced material^ backward for additional 
practice^ or laterally for s discussion of 
topics tangentially related to the primary 
topic being presented. The nttniber of 
paths that a student could take through 
the material is infinite because the 
structure provides almoat limitless bran^ 
ching opportunities. Since no cwo stu* 
dents possess identical needs^ it is pro* 
bable that no two students will progress 
along the same path of instruction. A 
computer-based course should be extremely 
flexible^ broad in scope^ and capable of 
handling students' individual parformance 
styles. Failure to attain these charac* 
teristics constitutes a failure to place 
GEE into a category eeparate from other 
media such as lectures^ textbooks^ and 
audio^visual tapes^ all of which possess 
a predominantly linear flow. :^ ... 

The above characteristics make present 
computer-based instruction impractical ^ if 
not impossible^ on today's most popular 
microprocessors. Microprocessor tapes t 
diskSt and memory have a size limitation 
which prohibits them from delivering a CBE 
course with the breadth of scope described 
above. At best^ a student uaing a micro 
for this type of instruction would find 
himself swapping disks constantly in order 
to branch ahesd^ backward^ and laterally. 
But micrr»processor courseware with this 



degree of individualization is not avails 
able today. The educational software cur- 
rently available for microprocessors con^ 
sists of short lessons^ each addressing a 
specific topic. Seldom does any continue 
ity exist among these short lessons. To 
employ these microprocessor lessons for 
genuine computer*based education would 
mean that decisions as to which students 
need which lessons at what time would be 
made by teachers^ aides, or by the stu^ 
dents themselves. Whether these persons 
would make the correct decisions^ and 
whether continuity could be provided among 
the lessons collected^ is questionable. 
Assuming that continuity could be achieved 
students would have to be given paper-^and* 
pencil tests constantly in order to deter* 
mine vrfiich lessons were needed by each 
student and in what sequence. Such tests 
are unnecessary on a large computer sys* 
tern since branching occurs automatically 
as a result of present and past student 
performance. In a well^designed CB£ las-^ 
son^ students are generally unaware that 
such intricate branching is taking place. 
They know only that the computer is moving 
in s logical direction from the beginning 
to the and of topics that they need to 
learn. 

TRACKING STUDEHX PROGRESS 

Hicroprocessoxtt and large CB£ systems 
both have the capacity to provide on-line 
assessments^ to give the student some in-^ 
formation about his progress^ and to 
branch him to various locations based on 
his performance. (As mentioned before^ 
the phyaicsl size limitations of the 
microprocessor's disk would frequently 
neceasitate disk-swapping in order to 
switch topics.) But in order to build a 
genuine performance history on each stu^ 
dent^ a large system is required. Large^ 
iyitem CBE can relieve the teacher of the 
burden of admlniaterlng periodic tests and 
plotting aach student's growth. By typing 
appropriate keywords at the conqmter ter^ 
minal^ the instructor can view immediately 
any student's current and past performance 
records. Typical information includes the 
followingi 

1) the student's first and last date 
on-line. 

2) the total number of hours and 
minutes spent. 

3) topics vrfiere mastery has or has 
not been demonstrated. 

4) areas of particular difficulty^ 

5) areas not tutored due to excellent 
pretest performance. 

6) average response time on drill^antt 

Practice itemtt. 
ength of individu^il sessions. 
8) stuaenta' comments on parts or all 
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of the instruction. 
This information can be diBpIayed for one 
student^ A group of students, or all stu* 
dents in a teacher* b class. Hardcopy ter* 
minals are often used so that the report 
may be kept for future reference. Teachexs 
can quidcly identify any students having 
difficulty^ and students can become very 
highly motivated when they see that they 
have achieved Progress from one week (or 
months or year) to the next. 

The quantity of student performance 
data afforded by the microprocessor is 
trivial when compared to the data routinely 
kept on the large system* Many (perhaps 
most) of today's tutorial microprocessor 
lessons give no performance statistics 
whatsoever. Those lessons that do give 
performance information do not store it 
permanently for the teacher's later inspeo* 
tion. Performsnce data are collected and 
reported to the student as he is working^ 
but when his session is over and he re^ 
moves the disk from the disk drive ^ all 
collected information is instantaneously 
lost* Although virtually no microproces- 
sor courseware exists that builds a his-* 
tory of student performance^ it is possi* 
ble to do so. The most practical way to 
accomplish such a task is to use a multi* 
ple-'diak system. In a two-disk system, 
for example^ one disk can be devoted to 
collection and storage of performance 
data while the other contains lessons be* 
ing presented. In a public school » each 
student would be assigned one or more 
disk for storage of his own performance 
data» and these disks would be checked in 
and out along with the disks containing 
the instruction. Instruction would have 
to be programmed carefully so that each 
lesson would store performance data on a 
different part of the data* collecting 
disks. An instructor wishing to view the 
performance histories of his 30 students 
would sit at the microprocessor with his 
collection of 30 or more disks and slip 
them in» one at a time* As each student's 
progress is displayed^ the information 
could be duplicated in hardcopy form if 
a printer is attached to the micropro* 
cesser. Obviously^ this inflection of 
student progress would be a time-'consum* 
ing task» and the performance data pro* 
bably would not be as complete aa the 
data collected on a large system. 

It was toentioned above chat typical 
performance data provided on large QBE 
systems includes the student's first and 
last dates on*Iine, total time spent on 
instruction^ and average response time 
on drill*and*practice exercises. Unfor- 
tunately » many of today's popular micro* 
processors cannot record any of this infer* 
mation. It is possible to ask the student 



what the date is or how Iotw it took him 
to answer a question^ snd then the stu* 
dent's response csn be recorded^ but the 
reliability of such data would have to be 
questioned. The absence of an internal 
clock precludes the recording of dates or 
elapsed time by the microprocessor. Other 
types of data» such as topics mastered and 
scores earned during on* line assessment, 
can be recorded by the microprocessor if 
the lessons are programed to do so and if 
a system of data-collecting disks, like 
the one described above^ is established. 

In shorty the collection and reporting 
of student performance data are essential 
in order to track progress^ provide studeit 
motivation, and isolate learning problems. 
Large GlE. systems addresa this need very 
well. Microprocessors could provide some 
(but not all) of the same student perfor* 
mance records only after a fairly complices 
ted system of specially written lessons^ 
student data disks^ and multiple disk*drive 
hardware is created. Ketrieval of informs* 
tion from this system would be significant* 
ly more cuiid>ersome than it is presently on 
larger GB£ systems. 

INSTRUCTIONAL UW6UAGES 

Like spoken languages, computer 
languages are numerous and varied. Many 
computer languages perform similar tasks 
equally well, but sonke languages are 
specialized to perform certain tasks better 
than the -others. 

Computer languages that have been de* 
signed to provide instruction are sometimes 
referred to as instructional languages. 
Such languages typically record some basic 
information automatically for every student 
on every CBE course, such as his first and 
last usage dates, his total time on each 
lesson, snd hia current location within 
each lesson. In addition, storage .facili* 
ties are provided to enable the course 
author (programmer) to store an infinite 
variety of performance data permanently or 
temporarily. A student progress report is 
merely a systematic display of these stor^ 
age facilities. An instructional language 
slso permits the course author to accept a 
wide range of responses from the student* 
For example, if the author expects "false" 
as the answer to a quostioji but realizes 
that students may misspell the word, he can 
use a atat^ment which essentially says, "If 
the student types a five-letter word begin* 
ning with 'f and ending with 'e', I recog* 
nize this as the correct answer." Another 
characteristic some instructional languages 
have is the automatic ra-starting of the 
student at the point whera he left off dur-* 
ing his Isst session. Characteristics such 
as these are not found in computer lan- 
guages that have been designed for purposes 
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other than Instructlonp 

BASIC l8 an example of a non-lnstruc- 
tlonal language, not because it Is defi- 
cient in some way» but because instruction 
is not the purpose for which it was crea- 
ted* It is a genera I -purpose computing 
language which is standard on virtually 
all microprocessors p The language has no 
pre-defined storage area for recording 
student performance data» no provisions 
for accepting a wide range of responses » 
and no automatic restartli^ of the student 
where he left off last time. Naturally^ 
the BASIC language has capabilities that 
some instructional languages Iack» notably 
in the area of mathetaatical computatioUp 
Bat if BASIC is to be used on microproces- 
sors for CBE» numerous sophisticated sub- 
routines must be created in order to give 
BASIC the characteristics of an instruc* 
tional language. These subroutines will 
occupy space on the disk and permit less 
space for instruction and collection of 
performance data . The subroutines must be 
duplicated and stored on every disk used 
for instruction. And, in spite of their 
sophistication^ the si'broutines will not 
permit the recording of certain types of 
data such as dates and student response 
time unless the microprocessor chosen con- 
tains an internal clockp 

As mentioned above» most languages can 
accomplish most taskSp But if a choice is 
made available » it is only logical to pick 
the language which is least cumbersome p 
On large systems » the choices are numerous 
and include many instructional languages p 
With microprocessors » the choices are few 
or nonexistent and do not include instruct 
tional languages p - On the basis of lan- 
guages » it appears that present-day micro- 
processors are not yet prepared to handle 
the level of aophistication found in large* 
system CBE courseware p 

lARGE-SVSTEK AND SMALL" SYSTEH 
CHARACTERISTICS 

Regardless of the language enmloyed or 
the performance data collected^ tfiare are 
certaiUp inherent characteristics of large 
systems Which must be evaluated prior to 
making a decision to employ or abandon such 
a systamp On the negative side^ when the 
large computer malfunctions, all terminals 
connected to it become useless- But that 
all terminals are using one computer also 
has advantageSp A major advantage is the 
ability to avoid duplication of effort p 
For exau^Ie^ when a courseware revision 
becomes necessary on a large systra^ one 
corraction constitutes a systM-wide 
changCfp But If 50 microprocessors were 
used in pisce of a 50-terminaI network^ 
then 50 individual corrections would need 
to be made- -one for each copy of the defec** 



tive coursep Such duplication o£ effort 
is a general characteristic of mlcropro- 
cessorSp Each user has his own computer 
and his own copy of each program he useSp 
Fifty users wishing to use a mathematics 
lesson would need to purchase 50 copies o£ 
that lesson. On a large system^ only one 
copy of the lesson is needed^ and it can 
be used on any number of terminals slmul* 
taneously. 

Another important feature of large 
systems is that all users are accessing 
the same disk storage area. It is this 
characteristic which permits teachers to 
obtain class reports on groups of studenta 
Such reports often point out the best, 
worsts and average performance record of 
the group (sometimes including statistics 
such as mean» range, and standard devia- 
tion), thus giving the teacher an immedi* 
ate picture of the group's homo or hetero- 
geneity. With micro^based CBE, perfor* 
mance data are likely to be scattered 
across many disks^ thus making such gtoup 
reports impossible or impracticalp 

Large systems often possess a message- 
handling capacity which is not possible on 
microprocessors p Messages can be sent 
between course authors and students, for 
exampISp A student who is puszled or who 
wishes to communicate with the author of 
his lesson for any reason can usoally log 
a comment which the author will later read 
and answerp Such communication assists 
the author in locating any areas of >his 
lesson which may cause confusion among 
students and enables teachers or other 
supervising persons to post administrative 
announcements to users of the systemp 
Some large systems also permit on-line di- 
rect communication between terminals p 

Microprocessors necessitate a duplica^ 
tion of effort and lack message capabili- 
ties » but they do provide a greater degree 
of independence and self*suff iciencyp As 
mentioned above, a computer malfunction on 
a large system renders all terminals use- 
less simultaneously^ but one microproces- 
sor's failure has no influence on other 
microprocessors p A micro is also more 

?ortabIe than a terminal connected to a 
arge computer since the latter requires 
either a hardwired communications line or 
a telephone linep And, of courae, there 
are no monthly rental charges after a 
microprocessor and paripheral equipment 
are purchased p ^ 

WHY BUY A MICRO? 

A microprocessor can seirve as a valu- 
able educational tool» particularly in 
teaching students about computer hardware » 
and can help them develop an understanding 
of what happens when a program is written 
and executedp Mathematics students can 
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also profit from a study of the BASIC lan- 
guage, which can be used effectively to 
aolve math problems using algorithms. 
Limited amounts of instruction, of course, 
can be provided in tutorial or drill-and- 
practice form as well. But nothing vith 
the acoper complexity, and record-keeping 
abilities of large-system computer-baf ed 
education can be accomplished in a reason- 
able way on today*s microprocessors, 

LAUNCHING A CBE PROJECT WITH 
mCROPROCESSORS 

Assuming that a- public school has con* 
«idered the pros and cons of the low-cost 
microprocessor as well as those of the CBE 
terminal connected to a large systemi and 
assuming that the micro was chosen, these 
are some of the steps that would probably 
have to be taken: 

1) purchase a microprocessor* 

2) purchase at least two disk-drives 
in order to provide the capability 
for storing and retrieving student 
performance data* 

3) purchase floppy disks for data 
storage and for storage of the 
instruction itself. 

4) purchase a printer in order to 
provide student progress reports 
in hardcopy form. 

5) modify the microprocessor so that 
it will display upper-* and lower- 
case alphabetic characters needed 
for the teaching of spellings 
English, reading, and related 
subjects. 

6) design machine- language or BASIC 
subroutines to handle tasks al-* 
ready designed in instructional 
languages * 

7) copy these subroutines onto all 
disks to be used for lesson con- 
tent and/or all disks to be used 
for data collection. 

8) initialize each disk to be used for 
lesson content or data collection* 

9) build courseware which branches 
forward, backward, and laterally 
to accommodate individual learning 
styles and which keeps detailed 
student performance records on the 
data* collecting disks* 

10) establish and supervise a system 
for storing lesson and data- 
collecting disks> keeping track of 
which disKS are borrowed (and re- 
turned) by whom^ and assuring that 
each student has access only to his 
own data disk* 

11) make copies of lesson disks if the 
project involves more than one 
microprocessor . 

12) when errors are detected, make the 
corrections on all disks containing 



the defective lesson or data-recording rou- 
tine. 

The above steps vary in complexity 
and would probably require years to accom- 
plish. The characteristics of such a sys- 
tem are contrasted with the characteristics 
of present day large systems in the Summary 
Chart which appears at the end of this 
article. 

NOTHING IS IMPOSSIBLE 

It is not the author* s intention to 
state that microprocessors are useless for 
computer-based education. In factt most of 
the undesirable characteristics mentioned 
can be rectified through hardware modif ica- 
tiotii addition of peripheral devices, or by 
simply purchasing a larger microprocessor. 
But it is the smallf comparatively unsophis- 
ticated microprocessor that has been at- 
tracting the most attention in the market- 
place* This author becomes concerned when 
teachers and other consumers become en- 
tranced by those very attractive devices 
and when salesmen with little or no experi-* 
ence in computer-based education make exag- 
gerated claims. Quality microprocessor 
courseware which has been tested objective- 
ly and shown to be of educational value is 
NOT widely available. Microprocessor 
courseware which provides the individuali-* 
zation and record-* keeping of large systems 
is not available at all* Although it IS 
possible to buy a microprocessor with upper- 
and lower-case {Alphabetic characters, and 
although larger disk drives CAN be used so 
as to reduce the amount of disk ^swapping, 
and although an internal clock CAN be added, 
such modifications result in a home brew 
system which is costly and which makes the 
in-house development of courseware manda- 
toryv It is this message that the sales- 
men are failing to convey. 

THE FUTURE 

Microprocessors will probably play an 
important role in future CBE systems for at 
least two reasons: 

1) Their capabilities will increase* 
It is hoped that a greater choice of compu* 
ting languages will be available along with 
greater storage capabilities and, conse* 
quentlyr less required disk-'Swapping* An 
internal clock will enable the micro to 
record dates and keep track of elapsed time* 
Upper-* and lower-case characters will be 
commonplace* 

2} Downloading will become more 
practical. Downloading essentially means 
that the micro can communicate with a lar- 
ger machine for the purpose of copying a 
program into its own memory or onto its own 
disk* Then the program can be used locally, 
independent of the large machine. After 
the session is completed, the updated 
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records can be transmitted back to the 
larger computer 

It is rather impractical to attempt to 
emulate large-'system CBE with today's smal^ 
ler microprocessors, A tremendous amount 
of time and effort would be required, and 
the final product would contain built-'in 
disadvantages* By the time such a system 
is built, better micro-based systems will 
probably be available , At that time a re- 
evaluation of the enhancements made on 
microprocessors as well as on large sys-* 
terns will be necessary* 

DESIRABLE CHARACTERISTICS 



Typical 

Large 

System 



Low-Cost 

Popular 

Micro 



Involves a one-time cost without monthly rental charges* 

Displays graphics and colors, produces sounds. 

Displays both upper- and lower-case alphabetic characters. 

Has complete portabilityi not dependent on a telephone line. 

Etequires one step (one short message) to start instruction* 

Affects only one user when the computer malfunctions. 

Provides performance feedback vrfiile the student is on-line. 

Provides detailed performance history for teacher's later 
inspection. 

Enables students to continue where they left off during their 
last session, 

Etecords dates and students' response times. 

Etecords session time and permits instructor*def ined session 
length for individuals or for all students. 

Generates class reports showing histories of groups or students. 

Has well-constructed courseware Immediately available. 

Is a system well-adapted for extensive branching to accoimikodate 
individual learning styles. 

Supports instructional computer languages. 

Permins r^ssages among students » authors, teachers, and ot',iers. 



2n 



Pr&Ooltoge Instructionat Materials 22S 



UNDE5 IRABU CHARACTERISTICS 



Tjrplcal 

Large 

System 


Low^Cost 

Popular 

Micro 


X 




A 




X 






X 




X 




X 




X 




X 




X 




X 



Involves a monthly rental charge. 

Lacks graphlca, colors, and sound. 

-Requires a dedicated line or telephone line. 

Has upper-case display only, unlesa loodified. 

Requires executing several tasks in order to start instruction. 

Requires constant dlsk^swapplng if individual learning styles 
are to be accomnodated. 

Requires a disk storage and check-in facility which must be 
supervised. 

Necessitates adding ntore disks proportional to the quantity of 
performance data desired. 

Requires creating new courseware since virtually none exists 
presently. 

Hecesaitatea considerable duplication of effort. 
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Providing an appropriate education fot all 
children In the least possible restrictive envl* 
ronnent will require drastic changes In our educa-* 
tlonal processes^ f torn asseasnent and prescription 
through Instruction and monitoring* Hecently 
Benjattln Bloom has stated^ **!£ we are convinced 
that s good education Is necessary fot all ^o 
live In modem society* then ve must search fot 
the alterable variables that can make a difference 
In the lesmlng of children and adults la or out 
of school'* (Bloom^ 1900). The alterable variables 
Sloom eiophaslzes are tlme-oa^taaltt cognitive 
enctyi and formatli^e testing. Theae variables 
help explain the learning Interactions between 
teacher and student. Using these variablee Impllee 
Individualizing the entire educational procesa^ 
ftoa asseesntent to the monitoring of learning* 

Kalnstreaning Is currently viewed as a 
necessity In providing the least restrictive 
environment » Kalnstresnlng handicapped students 
creates a epeclal burden for the daasroom teacher* 
however* Introduelng handloai^ed students Into 
the regulat classroom greatly Inctsaees the range 
of Intellectual capacity and experience of tbe 
studente* This broadened range wakea tbe Individ* 
uallzatlon of instruction a necessity^ although 
Individualization will be extremely difficult 
considering tbe United resources available to tbe 
regular classroom teacher> 

Educators have long felt that the compter 
holds a special promise in providing Individual* 
Ized Instruction^ but this promise has not been 
fulfilled because of the limitations of audio*' 
visual hardware ^nd the high coat of computers. 
Recent changea In h^-^rdware should alleviate meny 
of these limitations* The mlcroooo^uter haa 
greatly reduced the cost of confuting and tbe 
videodisc haa the capacity to provide tbe audio 
and vleual components neceseary for effective 
individualized Inetructlon via ccRBputer-assUted 
instruction (CAI). 

A CAI system utilizing a nicrocom^ter and 
videodisc Is currently being developed as part 
of a research project conducted by Utah Stste 
Unlverulty^s Exceptional Child Center* The 
system is designed to be used by nonraaders and 



specifically by meatally retarded children and 
adults. Even though the ayatem is designed to be 
used b> e Handicapped* it will have all the 
components necessary for a general purpose CAT 
system. With the appropriate courseware the 
system would be relevant to learners at any lev^l 
of intellectual ability and expetletice* 

The syetem* teferred to as the MCVD (Hlcro- 
Com^tet/VldeoDlsc) System* was otlglnally devel^ 
oped ftom funds of a small grant received from the 
Univetslty Research Office. Subsequently a gtant 
ftom the Media and Captioned Films Division of 
tbe Bureau of Education for tbe Handicapped of 
IIHEV was awsrded* The grant Is for two years and 
began October 1» 1979. 

The major goal of the project is to develop^ 
evaluate* and demooetrate a CAI system for use 
with mentally handicapped lesmets. The system is 
unique since it can cooBUfl^cate with nonraaders* 
a cspablllty nonexistent or very limited In past 
CAI applications. Computer-assisted instruction 
syatema have been devised and developed to connun- 
Icate vith nonreaders^ but in moat cases they have 
used serlsl devices such as audio tspe recorders 
and sllds projectors. The difficulty with these 
systems is a relatively long access time when 
branching to different segpients of an instruction- 
al program. A short access time (less than 3 
seconds) la ctltlcal in most CAI applications* 
but especially critical when wotking with nentally 
handicapped learners since* at beat^ their atten-* 
tlon le difficult to maintain. 

The hardwsra fot the MCVD system consists of 
the MCA videodlac player^ an APPLE II microcom- 
puter vith a digital dlak» a Sony 12*lnch tele- 
vision monitor^ and a Carroll Hanufacturlng light-* 
intatrupt touch panel. The MCA 7802 videodlac 
player was aalected becauae of Ita random acceaa 
cspabllltles^ and the APPLE II nicrocomputer 
system vse selected because of its pottablllty* 
reliability^ and color graphics cspabllltlea. 
A color monitor waa chosen becauae of the addl^ 
tional flexibility provided by color* The toucA 
screen is a llght-lntetnipt syatemwblch allows 
the learner to Interact with the system by touch* 
ing the screen* The hardware components are 
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enclosed in a cabinet that disaeaeoibles for trans*^ 
pnrtation putpoees. The tsonitor will be nounted 
on an r^djustable pedestal that sviv«ls» tilta» 
«nd can be adjuated for elevation. This flexi- 
bility and adjuatment is necessary to accommodate 
tha vide range of ages and varying degreea of 
aotor ability. The cabinet is notmted on retract^ 
able wheels to facilitate mobility. 

The computer prograna that control the video* 
disc and receive input front the touch panel ate 
written In Appleaoft BASIC. These prograna 
vere originally written Ifl PILOT* which we aban* 
doned becatise of problems with the PILOT trans-^ 
lator^ PILOT waa originally selected becsuse of 
its «ase of use. Ve are currently exploring 
variotis PILOT translators and coinpilers. We have 
determined that a PILOT Interpreter does not pro^ 
vide for sufficient execution speed to interact 
with the three devices. We are also currently 
Investigating the potential of PASCAL as a lang-* 
uage for the system. 

Cosnunication between the three hardware 
devices is accomplished through an interface board 
that was designed and built by USU*a mlcrocoi^uter 
lab* The interface board also can programmatic* 
ally switch the video source to the monitor from 
either the AFPLE II or the videodisc. This capa-* 
bility allows us to transmit APPLE II graphics and 
au4io to the monitor while the videodisc is search^ 
ing. It also allows us to present video informa- 
tion from the AFPLE II and audio from the video^ 
disc aittultaneouaJyt which provides for a great 
deal of flexibility In altering the video imajtee 
from the videodisc. 

At present the system interacts with the 
learner by presenting an audio instruction and 
the associated visual image on the monitor via 
the videodisc. The learner responds by point-* 
Ing to an object on the monitor screen. Vhen 
the learner touches the screen* two light beams 
transmitted from each axis of the touch panel 
are interrupted, and the point of interruption 
is detected by the touch panel. The X and Y 
coordinates from the point of Interrupt are 
transmitted to the microcomputer. The computer 
program In the microcomputer contains the correct 
coordinates for each aegoient of instruction^ and 
the coordinates transmitted by the touch panel 
are compared to these correct coordinates. If 
the response is correct* the microcomputer 
responds by referencing the segment on the video* 
disc which contains audio and visual positive 
feedback* Other possible response conditions 
are a wrong response^ a close response* and a 
non-'response » (A non-response is detected When 
the lesmer does not respond in a specified 
period of time* Recorded segments are contained 
on the videodisc for these response conditions as 
well as a variery of feedbatk. Inciting animation 
and motion picture aequences* Each segment of 
instruction has associated parameters that specify 
the nu«d>er of times a lesmer must respond cor* 
rectly to advance to the next seQoent and the 
number of trials allowed before the teacher Is 



signaled for help. Uhlle the learner interects 
with the aystem» data are collected by the micro* 
computer and stored on the APPLE II magnetic disk. 

Various data are maintained which track a 
learner's progress through a program of instruc-^ 
tion. The data are then available for analytic 
purposes and are also used by the system to sllow 
the learner to start at a point where the previous 
session was terminated. This automatic restart 
option can be overridden by the teacher* who can 
specify the point at which the learner is to 
continue. The data is readily available In hard- 
copy form via s Centronics Printer* 

Pour instructional programs are currently in 
various stages of development. These instruction^ 
al programs are developed by the Outreach and 
Development Division of the Exceptional Child 
Center and have been field tested and validated. 
They were chosen primarily because the Instruc- 
tional sequences had been validated and because 
they are adaptable to the HGVD format. The 
following is a brief description of the programs: 
li Hatthinfl Program (Hofmeistert 77) This 
program teaches tha child .to match objects 
that are. alike in. else* color* or shape such 
as idencifying squares vith other squares. 
This skill is necessary before the child can 
learn the more advanced skills such as names 
of colors and shapes and reading. This 
program was not deaigped to teach a child to 
to name colors, sizes* or shapes. 

2. Timetellinft Program (Ho&ieister» 75) 
This program is to be used with any child 
or adult who cannot look at a clock and 
recognise what time it is to the minute. It 
has been especially useful in tutoring 
programs for the slow learner* although it Is 
not restricted to auch use* Upon completion 
of thia program* the learner should be able 
to look at any clock* abowing any time* and 
recognise the correct time to the minute. 

3. Recognition of Punctional WOrds 
(&ofmeister» 76) - Thia program provides 
Instructions for teaching the learner to 
recognize functional words. This program 
teaches the recognition of twenty different 
words Important to everyday living (e.g. stop» 
gOt pull, push* etCi). 

4. Identification of Coins {Hofmeister, 77) 
This program teaches the learner to recognize 
coins upon sight » 

Preliminary development of the Hatching 
Program was coi^leted In Hay 1979* A preliminary 
field test was conducted and changes vere made to 
the system as a result of thia field teat* A 
second preliminary field test was conducted and 
changes were made to the system as a result of 
this field test. A second preliminary field test 
of the Hatching Program is currently being con- 
ducte<l. It was anticipated that this field test 
would be tompleted by the submission time o£ this 
psper* howevert the field test will be continued 
through February d» 19dO» in order to collect 
additional data* This second field test was 
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necessary tot (1) evaluate the changaa In the 
eyateffl thet were precipitated by the first field 
test; and further defina the population. 

The following prbblevi areas were determined 
as a result of the first field teat: 

1. Even though the search tiaes ware rela- 
tively short (less than 2,5 seconds)* the 
attention of the child was lost when the 
monitor went blank during a search tiine. 

2. The system wss giving negative feedback 
to a correct response when the child wss 
required to touch multiple objects on the 
screen. 

3. The child seemed to lose Interest In 
specific positive feedback segments if they 
were repeated several times. 

In an attenpt to rectify these problems a 
nu]il>er of changes were made to the systemt 

i.. A programmable switch was added to the ^ 
Interface board that allowed the computer 
program to switch the source of video from 
either the microcomputer or the videodisc. 
This switch enabled the system to present a 
computer-generated graphic while the video-* 
disc was searching* 

2. The algorithm In the computer program 
used to detect !<niJtiple responses on the 
screen was changed. We determined that the 
computer program was not responding rapidly 
enough to detect rapid responses from the 
learner* The eli»orithm wss changed* and a 
rapid increase In response time was realized* 

3. The elgorithm used to select positive 
feedback segments was changed so that the 
segmenta could be presented randomly* 
The six children involved in the second 

field test are from the special education class* 
rooms at the Exceptional Child Center* These 
children are functioning at a lower mental devel- 
opment level than those Involved In the first 
field test. The purpose of this change was to 
determine if children at the lower level of 
davelopment could effectively Interact with the 
system. The only criteria established for 
selection wss that the children have sufficient 
motor skills to hold and point . ith a small 
pointer and sufficient receptive language to 
understand simple coAsanda such as "touch the 
one like this/' "that was good/' "that was not 
correct*** and "try agcdn*" 

The field test has been In operation for 
three weeks at the time of writing* During 
this time nimaerous problems In working with the 
test population have been identified* Slnc« 
the field test is continuing* the data c^ot 
at this point be analya^ed and specific con* 
elusions cannot be made. 

The first half of the tlmctelllng Program 
ia planned for production In March 1960* the 
following entrylevel skills have been estab* 
lished for learners using timetelllng courseware 
(these entry level skills will define the popula* 
tion): 

1* Learners must be able to count to sixty 



end recognise numbers 1-^12. 

2. Learners must be able to identify basic 
geometric shapes (e.g. circles i squares i 
etc.). 

3. Learners must have sufficient motor 
skills to hold and use the pointer. 

At the completion of the first half of the 
program* learners will be al>le tot 

1* Sequentially count and place the nuBd>ers 
1-^12 around the clockface. 
2. Recognise the digital forip^t (e.g. 2: ) 
for the little hand* 

3* Determine the value of the little hand 

with digital cues on the clock face and the 

big hand as a distractor* 

As a result of Information gained during the 
second field test of the Hatching Program* it was 
determined that physical prompting and practice 
Infusing the. pointer era required before inter-* 
acting with the abstract objects on the tele* 
vision screen. The Tlmetelllng Program is being 
developed to Involve the teacher (or another 
student) In the beginning phase of the program. 
When appropriate Interaction with the CAX system 
is achieved* the system takea over, allowing the 
learner to work independently with the CAl 
system* 

Based on the unique capabilities of the 
HlcroComputer/VideoDisc System* the following 
courseware design considerations were formulated 
and Incorporated Into the development of the 
tlmetelllng Program! 

1* Although the availability of a second 
audio track affords many Instructional 
options* such as Instruction with different 
voices or In a second language » as course- 
ware development proceeded both positive 
and negative* it was determined the second 
audio track should be used to store specific 
feedback^ to the learner on his performance 
(see Figure 1)* This feedback is specific 
to a particular segment of Instruction as 
opposed to the standard feedback blocks 
Which are used by numerous instructional 
aas^oents. Generally* it is the Instructional 
sequences at the beginning of the program 
that require specific feedback* An axsiple 
vould be "good touching the one." 
2* Strategic placement of the standard 
feedback blocks can substantially reduce 
the access time required by the videodisc 
player to search for a feedback segment. 
Because of the nonlinear nature of the HCVD 
system* standard feedback is uaed often 
throughout the program* A regraosion 
equation developed by ItooUey and DeBloois 
allows the prediction of access time based 
on the nuobar of framea (W^olley* 1960)* A 
criterion of 2*5 seconds was established fcr 
the meitlmum search time for providing either 
positive or negative feedback. Based on the 
regrasaion equation* the feedback segmants 
would have to be located within 6900 frames, 
of any Instructional aagPMmts that access it* 
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Heetlng our 2*5 second search criteria re- 
quired Multiple placoieitt of the standard 
feedback block». 

3. Periodic testing io facilitated by the 
nonlinear caf^billtie^ of the HCVD ayatem* 
The tloetelliitg coura^are and wlcrocooputer 
softvare are designed to branch to appr<y- 
priate practice frattea for criterion teat* 
ing. Thio branching insures that the learner 
win be tested only on the material the learner 
baa already covered. Criteria have bean 
established at SOX accuracy. Testing^ 
conaiating of S fraMea* begins and contlnttes 
only as long as the learner iseeta the SOX 
criterion* In other vnrdst as soon as two 
fraMS have inaocurate responsea» the software 
braoohea the learner back to the initial 
lesson for continued practice. Gonveraely» 
should the learner «eet the SOX oriterlon on 
his or her seventh fraset the last test fraae 
will be omitted. 

4. The asoimt of repetition can be varied for 
individual learners based upon thair previous 
perforBanoe* The learner who achieves a 
predeteralned level of accuracy (detemined 
durins field teating) may be branched ahead 

to the criterion teat and given the opportun* 
ity to demonstrata nasteiy of that particular 
concept. Learners having difficulty with t*ie 
sane concepts can he given additional repeti* 
tion and subsequent praotice^^-::^ ^ 
The two prelloinaiy field tea^s 'and produo- 
tion experience have yielded valuable information 
on the developnent of videodisc-based CAI. Pre- 
sently one of the soet limiting disadvantages of 
GAI involving the videodisc ia the high cost of diso 
prcaaing. This presents instructional courseware 
developers with on entirely different set of 
inatructional development problems. After a disc 
is pressed* you have to live with it* Therefbre» 
any experience gained from this project or other 
projects should provide valuable information in 
developing videodiso programs. Essentially » 
a developer needs all of the up*frout knowledge 
available before a disc is pressed* 

MSfEBEHCfiS * 
Bloom» B.S. "The New Direction in Educational 

Reaearch." Phi Delta Kappan > 1980» Vol. 

16 » No. 6. 

Eofmeistert A.H. ^ Gallery* K. A Program for 

Teaching the Identification of Ooina * Niles» 
illinoia; Developmental Learning Haterials» 
1977, 

Eofmeistert A.H., Gallery^ H. Ii Landeen» J.J* 
**Hatching Sizea» Shapes and Colors*'* An 
Inatructional program prepared by the Excep" 
tional Child Center^ Utah State Uiiiveraity» 
Logan» Utah for the Utah Diviaion of Family 
ServloeSt 1977. 

Eof»eister» A*H. » Atkinson^ C.H. & Hofoaiater^ 
J.B. Programmed Time Tellljig * Eugene 
Oregoni E.B* Press* 1975. 

Hofmeister. A.H** Patten* H. & Rosen* A* ''A 



Parent Teaching Package - Word Recognition.*' 
Available at the Outreach ^ Development 
Diviaion» Exceptional Child Center* Utah State 
Uiiivaraityt Logan* Dtah» 1976. 
ttoolley» R.D. and DeBloois» H.L. "Preliminary 
Benchmark Data for the PR I7S20 Discovision 
Associates Videodisc Player." Center for 
Instructional Product Development Technical 
Report #1. Utah State Qniversity» Logan» 
Utah, 19S0. 



NECC1980 



Audio Track 1 
Audio Track 2 

Video 

Control Track 
Sync Track 
AudtoTrackS 




1 



i 



'Touch (he numbef betaw Ihe dnrk fnr ihe tirst drcte' 
'No.tfvaaain: Great work! You touched one' 




-One Segment Of InstrucUon- 
-4 Seconds on Vktootace — 
-120 Frantes on VIdeodne — 



Direction of TapeTtavel 



One Inch Typo C Helical Videotape 
Used For Initial Production 



Figure 1 



Linear Framework of Timetelling Package 



r 




Instruction 








|tnstruction 


i 




Instruction 




Instruction 




Standard F^back Block ISFBI 



Figure 2 



236 NECCISSO 



THE HOH-TECHNICAL FACTORS IH THE?" DEVELOPMENT OF CAI 
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ABSTRACT 

The most challenging opportunities and 
the most serious problems that inhibit the 
development of computer-aided learning in 
education are non^'technical * In most 
educational institutions decision makin^i 
cOfnnmnicationSi and bargaining about the 
funding of computin^i the purchase of 
computer eguipmenti or the application of 
computer methods is divided among the 
major populations of the schools i school 
board membersi administrators i teachers i 
department heads i and students* To 
Understand the socio^'political factors 
related to coriputer-aided learning i the 
job-related responsibilities of each of 
these populations must be carefully 
examined* Computer educators then need 
to use the socio-political forces to the 
best advantage of students and teachers 
to provide enhanced classroom instruction* 
Educators must recognize and foresee the 
needs of the schu^I community, have early 
access to pertinent informationi and 
communicate effectively* 
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ABSTRACT 

Many agencies of the O* S* Government 
routinely make computerized data available 
to educators and researchers* To do thiSi 
some agencies provide reference service for 
the data which the agency createdi other 
agencies distribute data originally created 
by other agenciesi and still ether agencies 
serve as a clearinghouse for a given sub-^ 
ject and refer researchers to agencies 
having information on that subject. This 
session will have representatives from 
three agencies performing these three 
functions. At the end of the sessiotii one 
should have a clear indication of the pro- 
cedures involved in locating and obtaining 
data sets from the Federal government. 



SPEAKERS I 

Les Solcmpn^ Coordinator^ College cur- 
riculum Support Projects Bureau of the 
Censust a discussion of the services 
which the Bureau of the Census provides 
to enabie researchers to gain access to 
data collected by the census Bureau. 

Ross Cameroni Archivist, tflational 
Archives and Records Service* an outline 
of the functions of the Machine-Readable 
Archives Division in its mission to inven- 
tory* obtain, and provide reference ser*' ' 
vice Jor data created by other Federal 
agencies. 

Edward D. Mooneyi Program Specialisti 
National center for Educational Statistics t 
a presentation on the Federal Interagency 
Consortium of Users of Educational 
Statistics whose purpose is to facilitate 
access to education data in the Federal 
government* 
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ACADEMIC COMPUTING; 
A SAMPLER OF APPROACHfiS 
IK MINOKm IHSTITUTIONS 

Sister Patricia Marshall 
Xavler University of Louisiana 
7325 Palmetto Street 
New Orleans, LA 70125 
504/486*7411 



A variety of post-decondary minority 
Institutions using a variety of approaches 
to academic computing were Interviewed 
can^us-wlde and In-depth late In Fall 1979* 
These lnter\*iews were part of a larger as- 
sessment of needs In educational computing 
at 239 minority Institutions* (1> 

Faculty, students, and administrators 
. ^were^interviewed on computing development, 
usage, problems, and successes* Diverse 
approa'^nes were discovered, corresponding 
to philosophic, demographic, geographic, 
historical, political, and cultural fac- 
tors* 

The Institutions were selected In order 
to obtain as broad a cross section as pos- 
sible within time and financial limits and 
parameters such as ethnic composition, type 
of control, date of establishment, highest 
level of offisrlng, academic orientation, 
enrollment, type of access to hardware, and 
experience* While not all of the moat suc- 
cessful Institutions were chosen, we did 
try to include schools which would not feel 
threatened by the Interviews and which had 
had enough experience to Identify factors 
Inhibiting and promoting progress* Con** 
sclously excluded were such institutions 
as the Universities of Hawaii and Puerto 
Rico,' partly for financial reasons and 
partly because they are so much larger than 
minority Institutions In general* The 
table on the next page lists the instltu** 
tlons Interviewed and aom$ key parameters 
used iii their selection* For confidential- 
ity we Identified them only by number* We 
will report here on four of them; these are 
named belot? with permission* 



Institution ^3 

The Community College of Baltimore Is 
an Eastern seaboard, public, urban, two* 



year, three^fourths black Institution es* 
tabllshed after World War II* It enrolls 
over 9,000 students In day and evening 
dlvlslot ;* Two campuses, one emphasising 
technical studies and one evolving toward 
a foetus on business studies, are united 
under one administrative structure* Large 
numbers of minority students began to at* 
tend this school early In the *70s as a 
result of outreach by the Institution* 
The stable faculty consists of only 28 
percent minorities* Although this Instl* 
tutlon may appear small by national stan- 
dards. It Is one of the largest of the 
minority schools and one of the few two* 
year colleges with any large degree of 
experience and planning In academic com- 
puting* 

Vnf^ncumbered by the weight of tradl* 
tlon and spurred by local eiiployment 
needs, the Community College of Baltimore 
had established a separate academic de- 

Sartment for data processing by the early 
ate of 1965« Thla department, now called 
Computer and Information Systems (CIS), 
attracts 300 majors and graduates about 25 
each year with an associate degree In com- 
puter studies* Four full-time and numer* 
ous part-'tlme faculty staff the department* 

The school has weathered tnree hardware 
phases and Is entering Its fourth* Inl-* 
tlally an IBM 1620, acquired for the data 
processing department In 1965, was the 
only computer* A committee from electron- 
ics, data processing, and administration 
hired a manager of computer services and 
developed specifications for a UKIVAC 9300, 
which arrived In 1968* The college allo- 
cated its funds to lease It and pay support 
staff for administrative services* Depart* 
ments and Individual users, however, have 
never been charged* 

1972 brought a UWIVAC 9A80 (131K) with 



238 



Minority Institutions— ECMI 239 



TABLE 1 

MINORITY POST-SECONDARY INSTITUTIONS 



INTERVIEWED ON ACADEMIC COMPUTING, FALL 1979 



iHsn- 

TUTIOH 


DATE 
ESTABa 


ETHKIC 
T?PE 


TYPE OF 
CONTROL 


HIGHEST 
LEVEL 
OF OF- 


0RIEK1 


rATIO 




FALL 
1978 
ENROLL- 
MENT 


H 

TYPE OF HARDWARE 
ACCESSIBLE BY STUD- 
ENTS AND PACtJLTY 


R] 


ERIHG. 


LIB 

ART 


TECH 

/voc 


mt 


CAR 


B 


s 


I 


PUB 


FRI 




4 




HEER 


1 


1947 


X 






X 




X 












^ 1 

1 


9,152 


UNIVAC 9480 
IBM 1620 

APPLE II (5, used 
as terminals and 
stand-alones) 

DEC 10 (remote) 


2 


1873 


X 








X 




X 




X 








600 


HP 2000 
IBM 1130 


3 


1969 




X 




X 




X 








X 






876 


DEC 10 (remote) 

PDP 11/70 (remote) 

PDP 11/34 

IBM 360 (remote) 

IMSAI 8080 

TRS-80 


4 


1891 


X 






X 








X 


X 




X 




5,395 


DEC 10 
HP 1000 
Micros 


5 


1884 






X 


BIA 




X 












X 


1,013 


DEC 11/34 
IBM 1401 


6 


1867 


X 








X 




X 




X 








1,526 


DEC PDP 11/34 
IBM 1130 


7 


1968 






X 




TRI 
BAL 


X 












X 


839 


DEC PDP 11/45 1 


8 


1881 


X 








X 






X 


X 




X 




3,296 


HP 2000 1 
IBM 370/158 (remote! 
SOL (3, micros) 
SWTP (micro) 


9 


1966 


X 


X 










X 












4,315 


IBM 3031 (remote) 
IBM 3033 (remote) 
AMDAHL 470 (remote) 



NOTE: campus-wlde interviews were conducted at the 
Institutions listed above as part of a needs 
assessment of educational computing In minor- 
ity post -secondary institutions* 



ETHNIC TYPES; B - Black 

S - Spanish speaking 
I - American Indian 

HIGHEST LEVEL OF OFFERING: 2 - Two yearc 

4 - Four years 
4M - Master degree 
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four terminals for administrative data en* 
try and Inquiry* COBOL, RPG, *nd FORTRAP 
were supported for students, as well as 
ASSHHBLER (on the 9480 and the 1620). 
This UNXVAC la atlll used for atudent 
batch runs* In addition^ ten porta were 
rented in 1975 on a companion comtnunlty 
college*a HP 2000, an arrangement that was 
terminated in 1979 in favor of acceas to a 
DEC 10 at a nearby private unlveralty* 
Students use ten BecUtlter terminals which 
are dedicated during laba for a course in 
BASIC and used for other courses during 
open times* 

The CIS faculty purchased five micro-* 
computers in Fall 1979 through a Title VI 
grant* These have replaced the 1620 in 
teaching assembler languagea and computing 
principlea* A fourth syatem is tinder con- 
sideration now because of the two campuses, 
growth of institutional and faculty re* 
search, and growing concern for academic 
computing* The institution had done its 
own local needs assessment before consid-* 
erii^ auch a step* 

Thus, ths Comsunity College of Balti- 
more has steadily buil* Its computing cap* 
abilities, if at a slower pace than some 
majority institutions certainly also at a 
faster pace than most minority and/or two- 
year institutions* This stable growth has 
resulted from support by the college of 
increases in computing capabilities through 
its own funds, supplemented by aggressively 
aought federal grants* Because of ita 
careful planning and budgetary practicea, 
the achool will be able to aaaume ancillary 
coats when grants expire* 

Factors influencing the expansion of 
confuting capabilities at this institution 
have been the local en^>loyment market, size 
of the student body (necessitating automa* 
tion in record handling and giving early 
exposure to acbtinistrators and faculty) » 
support by administration, key faculty mem- 
bera with intereat and dedication to stq>- 
pleiDeat the budget for computing resources, 
and explicit planning mechanisms within the 
college charged with studying computing 
needs. 

Administrative support ia evidenced by 
hiring practices, release^time practices 
(for propoaal writing and planning), and 
activities involved in acquiring cdmputing 
equipment* A few key faculty members- have 
visited other successful sites, attended 
conferences (ECHI(2) and others) and con- 
ventions, served on consnittees in profes- 
sional aasociationa, sought external funda, 
and lent one another intellectual and 



moral support* The evaluator who conducted 
the interviews at this community college 
commented; 

These individuals represent a 
scarce resource at any institution 
and seem to represent a necessary 
if not sufficient condition for 
progress in academic computing* 
(A broad base of faculty awareness 
is probably not a necessary condi- 
tion for growth in an institution's 
computing capabilities*) 

Periodic ad hoc committees on computer 
utilization further exemplify the planning 
mech&fflsms for computing established within 
the college* Plana also exist to establish 
a line position for a director of informs** 
tion systems reporting to the president 
through a dean of planning, development, 
and coomunications* This new position 
would assume responsibility for academic, 
as well as administrative computitig* 

Tensions have existed between adminis- 
trative and academic computing, as at many 
other institutions* The manager of comput- 
er services reports to the vice^^president 
for adniniatrative services* The CIS De- 
partment, on the other hand, is within the 
Division of Business, Secretarial, and Com* 
puter Sciencea under the vice-preaident for 
academic and atudent affairs* Support 
staff have grown through several stages to 
the current manager of coinputer services^ 
three programmers » two keypunchers, and two 
computer operators* Ho students are em- 
ployed since the manager claims "it doesn^t 
work/' 

Students submit batch jobs through a 
slot in a^door* Output pickups are sche- 
duled twice daily for fifteen minutes each* 
However, during the two lab hours assigned 
each course in a batch-mode language, 
ttumaround time is closer to immediate* 
Students, Who probably know of no other 
alternatives, accept the pickup arrange* 
ment» coaq>laining only about the number of 
keypunches* Terminals are available for 
learning BASIC, and the APPLE microcomput* 
ers were made avail^le in Spring 1980 for 
learning ASSHHBLER* The cotmercial option 
in CIS will be offered at the caucus near^ 
est the business community and the scien* 
tific option at the other csii^na* Academ* 
ic applications exist also in the business 
department (managing data on patient care 
and student performance)* CHI(3) is ex* 
pected to be developed in remedial reading 
and CAI(A) in science courseu after the new 
configuration ia installed* Faculty with a 
good track record in attracting fadtral 
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grants will be responsible for developing 
CAI at the science learning center* The 
project director for the science learning 
center had attended an ECHX conference and 
attributes his current grants In part^ to 
that experience* 



Institution #2 

Bennett College is a private^ women*s 
four-year^ historically blackt liberal 
arts college with a ^^ny^ though stable* 
enrollment of about tuO* Located in 
Greensboro* a mid-Atlantic elty* the In-* 
atltutlon houses Its confuting hardware in 
one attractive location on can^tts* This 
hardware Includes an 8K IBM 1130 batch sys*^ 
te&i used for administrative purposes and 
student programming courses and an Inter-* 
active HP 2000 with fifteen terminals used 
extensively for CAI tutorial and drill and 
practice In mathematics* English* and biol-* 
ogy* Two of four keypunches are available 
to students* 

Coii^uter cetiter hours are 8 a*m* to 10 
p*m* (Saturdays on request}* and consults* 
tion Is available durlrig these times* 
Freshmen receive ^mputer IP numbers at the 
beginning of the school year* but upper-* 
class students have open*shop, direct ac-* 
cess to both computers* They run their own 
decks and retrieve their own output Immedi- 
ately; however* lines do develop when the 
business office Is running at the same time 
on the 1130* Tables are provided students 
in the coii^uter center for ouch use as 
examining output and correcting programs* 

Reports on the success of the CAI pro- 
ject* In which faculty prepare courseware 
(or modify existing courseware) using IDF* 
have been given at CCUC(5} and ECMI(4} 
conferences; a great deal of consulting and 
sharing with other colleges has also taken 
place* In addition, this college has been 
cited as an academic computing exemplar by 
HumRR0(6}* 

Computing began at Bennett College ele- 
ven years ago* A rented teletype connected 
the college to TUCC(7} and provided for 
some Instructional work, as well as for Im- 
proving computer literacy of Che faculty* 
Influential in establishing the Initial 
capability were the president of the col-* 
lege (who later attended an BCMI confer- 
ence) and the mathematics department chair- 
person (who later became the computer cen- 
ter director}* A year later* the college 
purchased the 1130 through a federal grant 
in connection with another university* 
This computer was uaed* from the beginning* 



for both administrative and academic pur- 
poses » It was also used cooperatively by 
two other small* church'^related* primarily 
white Institutions In the same city* All 
three schools used It for registration 
processing* Five years ago a Title III 
grant made possible the purchase o£ the 
HP 2000 with fifteen terminals for CAI de- 
velopment* Basic skills disciplines ac- 
counted for early CAI use; CAI Is built 
Into course requirements in these disci-* 
pllnes* 

The success here with CAI has given 
rise to new problems » Students need twice 
as many terminals* and the 1130 is too 
small and Is no longer supported by IBH* 
Additional personnel trained In conqputlng 
are needed* Release time for faculty Is 
needed to develop additional CAI course- 
ware» Despite the success* the support of 
the president* and the small size of the 
Institution* some faculty are still una- 
ware of the potential In their disciplines* 
In such a small school* this Is seen as a 
problem by faculty who do use the computer* 

Attendance at ECHI conferences helped 
to develop a strong team of faculty* how- 
ever, who have used Instructional confuting 
heavily* Througn a federal grant the In-* 
stltutlon began to share its expertise In 
Spring 1980 by conducting a regional con- 
ference similar to the ECMI conferences* 
Bennett collaborated with North Carolina 
A & T Iftiiversity (Institution #4} In con** 
ducting that conference* Thirty small 
colleges participated* 

One faculty member cited CAI as ex-* 
tremely helpful to entering freshmen* so 
many of whom are In need of remedial work 
due to Inadequate preparation In secondary 
schools* Students said they appreciated 
the CAI but not the downtime* The presi- 
dent of the Institution would like to see 
separation of administrative and academic 
coiiq)utlng* Plans for upgrading the exls-* 
Clng hardware are on the drawing board* 

Deaplte Its small size and Its depen- 
dence on hardware and software that are 
less than stats-of*the-art by today*s 
rapidly changing standards* Bennett Col- 
lege has taken a position of leadership 
In the development of transportable course- 
ware foe use In b^^slc skills courses* Suc- 
cess has brought with it new problems* but 
It has also nurt*jred confidence* plans* and 
determlnaClon to solve the problems* 
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Institution #3 

The Klo Grande Cantpus of Texss State 
Technical Institute Is a technlcal*voca* 
tlonal, twcyear^ Hispanic Institution lo- 
cated In Harllngen^ close to the Mexican 
border In the southernmost tip of the 
state* One of four such Institutions com* 
prising a system In Texas^ this school was 
established on a World War II air force 
base In 1967* Its fast-'growlng student 
body numbered well over 1^100 at the time 
of the Interviews^ and some of the growth 
Is In the data processing program* 

Curriculum design Is a hlgh-'prlorlty 
and on-'golng activity at thr school^ as 
evidenced by Its special staffing anJ the 
existence of school- Industry cooperative 
connlttees and advisory committees* An- 
nual evaluation ensures that curricula are 
up to date and graduates are well prepared 
for employment » (Some students comtaRd 
entry-level salaries as high as $18^500 
without graduating*} Just minutes away 
from this Institution are vast farmlands 
on which thousands of Mexican Americans 
barely survive* Thus the existence of an 
Industrial corridor and this Institution 
to serve It Is pivotal to economic change 
In the area* (On the first day of the 
Interviews here the Wall Street Journal 
stated that this region was one of the 
four fastest-growing Industrial areas In 
the country*} 

A new building houses the computing 
and electronics programs and computing 
facilities^ as well as some other mathe* 
matlcs and science or technical programs* 
Nearly one-third of ltd 17»000 square 
feet Is occi^led by computing facilities 
and classrooms used In the industrial 
data processing program (lOP}* Prior to 
the Interviews (just two weeks after the 
move to the new Building} less than a 
fourth as much apace had been available* 

IDP students dominate the facility* 
whlcht like the entire campus. Is out- 
standingly clean and well organised* 
Terminals are dedicated to students, or 
to entire classes, from ^ a*m* to 5 p*m* 
"^ften the facility Is open till 6 bem- 
use the IDP chairman stays late* Since 
* t students are Mexlcan<*Am6rlcan under- 
gt^^Iuates who live with their families In 
the area and are not accustomed to being 
away in the evenings, the facility Is not 
kept V ^ at night* A demand does exist , 
however, from working adults In the area 
for an evening program* Finances and 
staffing are the obstacles to be over- 
come* 



TWO Instructors are enployed In the IDP 
program, one the chairman* An additional 
slot Is open but not filled* The two In- 
structors bear heavy teaching and lab 
loads, with most emphasis on tab woik* 
They share the burden of supervising the 
facility* Second-year students are trained 
not only to program (and maintain programs} 
for some adadnlstratlve and academic appli- 
cations, but also to assist as consultants 
to first-year students When Instructors are 
unavailable* 

The IDP chairman has spent much of his 
own time on outreach to other departments, 
providing demonstration projects, seminars, 
and classes* The degree of Interest from 
other departments likely to use the conmut- 
er for Instructional purposes ranges all 
the way from **tafce It avay" to **you can^t 
begin to meet MY needs *** Those least In- 
terested are traditional Instructors* In 
programs t*g Individualized Instruction 
(or In V Instructors have had previous 
experience), faculty are eager to attes^t 
computer-'managed Instruction or coo^uter- 
aaalsted test generation* Attitudes appear 
to stem from educational philosophies 
rather than from familiarity with areas of 
expertise, such as nuclear technology or 
mathematics* 

Two weeks after the move to the new 
building, when the Interviews were conduc- 
ted, a terminal room contained ten CBT^s, 
two teletypes, and n line printer In fairly 
constant use* A Hadlo Shack TRS*dO and an 
IHSAI dOdO microcomputer were also avail- 
able* Six additional CRT's, a printing 
terminal, a digital plotter, and a tape 
drive were also being readied for use* 
Three keypunches with acoustical shells 
were available* Bulletin board dlsplaya 
Included charts, lists, schedules, comput- 
er-generated Hona Llsaa, and a 6lgn pro- 
claiming "The Dirty Dozen*" ("The Dirty 
Dosen," It turned out, were the second** 
year students who had survived out of a 
much larger original field of beginners 
In the IDP program*} 

The terminals were on-line to a DEC 
FDP 11/70 located In a department store 
45 miles away< COBOL ^s not the latest 
(1969}, and RPG card olbks are sent to a 
DEC 10 at a university 50 miles away, with 
a turnaround time of weeks* But students 
are obviously learning and being hired* 
The IDP department, having grown from four 
studenta In 1974 to more than seventy at 
various levels of advancement at the time 
of the Interview, has gone through several 
upgrades of remote connections* Current 
plana call for an on-alte coniputer with 32 
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ports for student use* However, Instruc- 
tors vho want to support Indlvldusllzed In- 
structloTit record keeping, «nd test genera- 
tion In open -entry/ open*exlt courses feel 
they may still not have sufficient capacity 
since they would ba In contention with IDP 
for use of the resources* Meanwhile , ad* 
minlstrators are working on additional ca- 
pacity for adoinlstratlve work (ranote ac- 
cess to a large state Institution's network). 

One Instructor has done some work of his 
own, sotne oz which was destroyed In one of 
the upgrades* Host recently he tias been 
using a TRS-dO nlcrocoiimuter on his own 
time* He envisions a cluster of micros in 
« classroom, which he sees as a cost-effec- 
tive solution to his problems in a tradi- 
tlon«*c»:iented department. The electronics 
program, which trains almost a hundred 
students for customer engineering on DEC 
•quipment dedicated to the program, can 
use twice as much hardware* The chairman 
of this program, a former ECMI(2> parti* 
clpant. Keeps up with hardware period- 
icals and literature but Is far too busy 
to move Into academic confuting generally* 

Students who are beginners tend to see 
no problems with existing hardware and 
software, but the advanced "Dirty Dozen" 
talk like data processing managers* Com- 
pletely at ease In the jargon and what's 
D^lnd it, they speak knowledgeably about 
the shortcomings of the available soft- 
ware, the need for this version of a Ian* 
Suage and that many ports^ and even the 
additional justification needed in the 
current proposal for new equipment* 

Administrators give moral support, but 
their budget requests have to move through 
several layers of state bureaucracy and 
compete with other technical Institutions* 
Even when funds exist. It Is difficult to 
find qualified staff In the area who sre 
not already working for burgeoning indus* 
tries at high salaries* Nevertheless, the 
Industrial data processing program grows, 
and other departments are beginning to 
voice their needs* Among two^ear tech* 
nlcal Institutions, TSTI'Rio Grande loay be 
cm its way to becoming an acadenilc comput* 
ing exemplar* 



Institution 4U 

Horth Carolina A & T University is a 
state-controlled, four^year, master degree* 
granting, black Institution, with liberal 
arts and some engineering emphasis* The 
enrollnenC is 5,400 students, Locatea 
ross town from Bennett College (Institu- 



tion $2), this school was the last (and 
only minority) Institution to procure a 
mainframe computer through the National 
Science Foundation's original Office of 
Computing Activities* That computer was 
a CDC 3300, and It followed the first com- 
puter acquired In 196A, an IBM 1620* It 
was replaced by a DEC 10 In 1977* Federal 
and stste funding was combined In each of 
the latter two cases, with the CDC being 
sold to add to the funding for the DEC* 

Although some Impetus came from the 
computer center (especially recently) » a 
key role was played by former dean of arts 
and sciences Arthur Jackson, after whom 
the computer center Is now named* H6re 
than 80 terminals are on-line to the DEC 
10, 26 of them In the computer center* a 
variety of languages are available: BASIC, 
PASCAL, AFL, COBOL, ALGOL, LISP, and oth- 
era* The coomuter Is available around the 
clock all week* The ataff Includes nine 
programmer/analysts, and experts are 
available to faculty and students as 
needed* Students access the computer In* 
teractlvely through class accounts or in- 
dividually (both authorized by departments) 
as well as by batch jobs* A monthly report 
provides usage Information but Is not cur* 
rently used for charging* Most use Is by 
students In coursework, but fsculty do re** 
search, and administrative applications 
abound* Turnaround time Is good except at 
pesk times* Jobs are limited to fifty at 
a time, which can cause a connection delay 
of ten-to-flfteen minutes* Work space In 
the computer center for students Is also 
limited* 

Dui^ng the past two years North Caro* 
Una A & T University has experienced what 
the computer center director refers to as 
"a quiet revolution" In confuting* From a 
slngle^job, batch-mode machine with A9K 
main memory and 25 megabytea of disk, the 
university took a quantum leap to 256K, 
600 megabytes of high-speed disk and the 
ability to process up to fifty jobs at a 
time In many languages Interactively, In 
batch mode» or In combination* 

However, Increased demand for computer 
time has lowered response fxrom excellent 
to poor* Engineering, which six months 
before the Interviews could run circuit 
analysis, finite element, operations re* 
search^ and other sophisticated jpbs at 
ai^ time, *must now normslly execute many 
of these between 5 p*m* and midnight, and 
several between midnight and d aimi Engi- 
neering school jobs also Include CAI pac* 
kages needed for educationally dlsadvan* 
taged students, and It Is difficult to 
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find time during the day to run thent* 
Plans are afoot for a memory upgrade at 
$100,000, half of which must be raised 
from outside the unlversltv budget* Fur- 
ther upgrades will probably Include a re- 
inote-*slte laboratory and a processor up- 
grade* Staff and space needs were cited 
in addition to hardware and stations for 
remote access* 

An active computing advisory committee, 
chaired by a chemistry professor, func 
tlons as an agent of change and supple- 
ments positive pressur/.^ from all types of 
users and administrators* Proposals have 
been written, and a computer science deg- 
ree program Is to be launched in Fall 1980* 
An academic computing director and an ad-* 
minlstratlve coroputlng director will also 
be hired* 

Some usage came aDout through partici'* 
patlon of faculty at ECMI conferences<2), 
where they learned about MIUITAB, test as- 
sembly and acorlngi test item banking, and 
GAI, all of which are now used* Although 
most usage is by the engineering school, 
other departments (especially mathematics, 
chemistry, and business) are becoming ac- 
tive users* the list has expanded each 
month in the last two years* Electrical 
engineering has also developed several 
microcomputers for instructional use and 
an HP 1000 that is used for instructional 
purposes and research in upper-level cour- 
ses* 

Instrumental in the growth of computing 
in engineering at this university has been 
an engineering accrediting agency, accord^ 
Ing to some faculty* Employment of faculty 
by local Industry was a factor in initially 
creating awareness of computer potential 
among engineering faculty* ECMI conference 
attendance Is credited with increasing 
awareness among mathematics^ chemistry, and 
business faculty* 

Political problems asaociated with fed** 
eraL efforts at encouraging integration 
have caused difficulties in maintaining 
orderly development of academic computing, 
according to some, Al*iO cited as a nega- 
tive factor was the pattern of federal 
funding vhlch historically favored main- 
stream instltutlonr end left out minority 
Institutions* This is one of the few min- 
ority institutions, however, that managed 
to begin to beat the system as early as 
the *SOs* 



Conclusion 

In the cases of the institutions des^ 
crlbed above, though a variety of approach- 
es have been made toward academic comput- 
ing, certain factors surface as common 
ingredients of success* These Include 
campus*-wlde planning (or at least plan- 
ning beyond the walls of a single depart- 
ment or class), dedication on the part of 
key faculty or administrators, careful 
budgeting practices, the ability to put 
together funding from various sources, the 
ability to learn by exoerience (as well as 
by capitalizing on the experience of oth- 
ers), and the will to get maximum mileage 
from the resources at hand* Interesting- 
ly, historical factors that could have de- 
feated some actually seem to have caused 
these In&tltutlona to try harder* 
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INTHOOUCTIOH 

Many students in minority institutions 
encounter severe difficulties in introduc** 
tory science courses* These difficulties 
often prevent minority students from ob- 
taining degrees in scientific fields and 
thus effectively shut them out of careers 
in the sciences, 'engineeringi and the 
health sciences (D* These students are 
often classified as *'underpreparedi*' a 
classification which implies that their 
backgroundSi in science and mathematics 
especiallYi are not strong enough to en- 
able them to succeed in rigorous , quan-^ 
titatively oriented college courses* 

A number of characteristics of these 
underprepared students have been identi-^ 
fied (1^2)* These range from poor math- 
ematics background and lack of exposure 
to science in high school to poor study 
habits and a lac)c*of self-confidence* 
Poor reading ability and & general weak** 
ness in communication skills appear to 
be significant factors which inhibit 
success fcr these st\*dents* Many of 
these students have lc% personal stan<- 
dards for academic achievementi expect 
failure, and fear science courses* Al-^ 
though numerous approaches *iave been 
taken to in^rove the performance of 
underprepared students in science 
courses r limited use has bo^n made of 
compute r<-based learning modes* 

Virginia State university is a 
four*year state' supported institution 
located in Petersburgi Virginia* About 
3400 full<-timc students are enrolled , 
with over 95 percent of the undergrad- 
uate population being black* Reading 
tests given to incoming freshmen have 
shown that most of them have serious 
reading problems, with nearly 70 percent 
of them reading below the ninth grade 
level* Median scores on the Scholastic 
Aptitude Test were fibout 300 on the 
verbal part and about 350 on the quan- 



titative part for incoming freshmen* 
Many incoming students have had limited 
exposure to science in high school. As 
an example, 16 percent of the students in 
a general chemistry class this past year 
had not had any chemistry in high school. 

The problems of inadequate prepara-^ 
tion are co^epounded by the student diver** 
sity which is encountered in many courses* 
Incoming freohman chemistry majors ^ for 
example r had reading scores ranging from 
9*0 to 15+, SAT verbal scores ranging 
^ from 240 to 480^ and SAT mathematics 
scores ranging from 280 to 580* This 
range of abilitiesi backgrounds, and in- 
terests presents a tremendous challenge 
to an instructor* 

IHSTRUCTIOHAL APPIKtACH 

For several years we have been exper** 
imenting with various approaches to the 
teaching '-learning process in trying to 
uieet the varying needs of our students 
who enroll in chemistry courses* Most of 
oivc efforts have been centered on our 
general chemistry course* This is the 
chemistry course with the largest enroll- 
ment and the one in which the problems of 
diversity and weak backgrounds are most 
pronounced* The approach we are currently 
using employe the computer in several 
ways (3) , and we itre exploring new and ex- 
ponded types of computer use* In generali 
we try to make available to our students 
a wide spectrum of different ways to 
learn chemistry in the hope that some of 
these will meet the needs of all of our 
students* The variety of materials and 
methods allows students to select leam-^ 
ing modes which suit them While permit-^ 
ting students who are not well*prepared 
to engage in extra activities to help 
them master the material* 

Our approach has been to retain the 
traditional components of our general 
chemistry course<-<-textbooki lectures* 
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recitation, and laboratory sessions* To 
these we have added a selection of supple- 
mentary materials and activities^ includ- 
ing a study guides sets of performance ob- 
jectiveSf lecture 'lOteSi slide/tape and 
filmstrip/t^e programsi voluntary practice 
sessions^ copies of old examinations « and 
suggested plans of study* The computer 
has also played an important role in this 
smorgasbord of learning activities* About 
fifty interactive computer programs are 
available for student use; most of these 
are drills and- practice or simple tutorial 
programs* A few are simulations* The 
computer has also been used to generate 
individualized problem sets for student 
use* These are used off-line and the an- 
swers may be submitted for grading by the 
instructor* 

Students are free to select which of 
these alternative learning strategies they 
wish to employ* tlo specific activities 
are required^ but students are expected 
to complete a certain numbgr of activities 
during the semester* Students are encoxir- 
aged to do more than the minimum ntimberi 
especially if they exhibit weaknesses in 
Identifiable areas* 

He have evaluated the effectiveness 
of these learning activities in two ways* 
One involved a simple frequency of use 
compilation in which we counted the num- 
ber of times that students selected a 
particular type of activity* The other 
evaluation method used student surveys to 
ascertain the students' perceptions of the 
relative usefulness of the activities* 
Both studies produced similar results* 
The interactive computer programs were 
used heavily and were perceived by the 
students as being very useful to them 
in their efforts to learn chemistry* 
The confute r^ene rated problem sets were 
used by nearly all students and were also 
perceived as being very useful* The 
voluntary practice sessions ranked 
slightly below the computer programs and 
problem sets in extent of use and in 
perceived usefulness* The slide/tape 
and f^lmstrip/tape programs were rated 
still lower* 

It is interesting that every activ- 
ity was vsed by some students and that 
every activity was rated by some to be 
**very useful*^ It is also interesting 
that while all of the non^^traditional 
items that were described above were 
considered^ on the average^ to be 
**quite useful** to *'very useful^** the 
highMt student ratings were given to 
the lecture notes and to the lectures* 
However, the textbooks study guide, 
recitation classes^ suggested plans of 
study, and sets of objectives were all 



considered to be less useful than the com- 
puter programs^ problem setsi voluntary 
practice sessions « and media programs* 
The copies of old examinations were ranked 
nearly- even with the practice sessions* 
Students nearly all desired to continue 
having a variety of alternative methods 
and materials available* 

COMPtJTER USE 

The instructional approach has been 
described in some detail to emphasize the 
integral part played by the computer* Al- 
though the computer is not an essential 
part of the instructional process,' it is 
a valuable component. The computer can 
do some things better than others, but it 
ceumot do all things well* It should be 
looked on as one of many instructional 
modes available to the teacher^ appropri- 
ate for some students studying some types 
of material in some situations* When the 
computer is made a part of the instruc- 
tional package^ its use should be care*' 
fully planned with consideration given to 
the learning objectives that are involved* 

The use of the computer In this pro- 
ject is not new or unique* However « these 
types of use can be duplicated at nearly 
any institution^ even a small college^ a 
minority institution, or a high school 
where extensive computer facilities may 
not be available* The methods also offer 
the potential of expansion to more elab- 
orate and sophisticated computer applica** 
tions * 

Most of the interactive BASIC programs 
that we have used were written at Virginia 
State University and tailored to the needs 
of our students. Ifhile simple in concept 
and in construction^ the programs have 
proven to be quite useful in this setting* 
They have been designed to be short and 
single-* concept in nature « each one re- 
quiring that the student spend only a few 
minutes at the terminal* Host are open- 
ended, allowing students to obtain addi** 
tional practice as they feel that they 
need it* In generals the programs cover 
basic topics which must be mastered in 
order to solve more complicated problems 
and understand more complex relationships* 
A few programs are simulations of chemical 
situations « 

These interactive programs do not use 
graphics or special effects and generally 
use the most common BASIC instructions* 
Thusr they will run on nearly every com- 
puter system and can be used with either 
CRT or hard'-copy terminal* Some of theui 
have been adapted for use on several of 
the popular microcomputers (4K Although 
the programs may not be suitable for use 
in all environments r they are simple 
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enough that they can easily be modified* 

The generation of individualized 
problem sets has also been done in a very 
simple manner* Two different approaches 
have been tried here* In one we have gen- 
erated the problem sets in batch**mode, 
using a FORTRAN program which merely se** 
lects questions at random from a question 
bank* Any system could use this method 
since a similar program could be written 
in any language that has ^ random number 
function* In the other method of genera- 
tion, individual BASIC programs have been 
written for each problem set* In these 
the random number function is used to se- 
lect individual questions and to generate 
individual data within questions* With 
this methods ve can run the problem sets 
in batch mode or have each student ob- 
tain a copy from a terminal* Hard-copy 
capability is obviously required for this 
mode of generation* 

BXTENSIONS 

IVhile the two modes of computer use 
that I have described are relatively sim*- 
pie, they can be adapted to fit a variety 
of instructional settings^ they do not 
require special hardware, and they have 
been proven effective* There is, however^ 
a great potential for developing more so- 
phisticatedf and perhaps more useful modes 
of computer use^ building upon these sim- 
ple applications* He have explored some 
interesting extensions at Virginia State 
University and plan to try out more new 
things in the future* 

Prior to September 1979, our inter- 
active programs were limited somewhat by 
our terminals^slow and noisy IBM 2741 
hard-copy units* Installing IBM 3278 CKP 
units and 3287 printers has increased our 
capabilities tremendously* By reducing 
the time required to run each program^ ve 
have been able to increase the numl>er of 
programs available and allow students to 
spend more time in remedial or advanced 
work* Although printers are available, 
students do not generally need to get 
hard-copy for their runs, since their re** 
suits are put into a file and can be re- 
trieved by the instructor for grading* 

Although our new terminals do not 
have true graphics ce^abilityi their rap- 
id print speed has enabled us to program 
material which requires more extensive 
layouts than we were able to use pre- 
viously* This equipment has expanded the 
realm of programming possibilities to 
some areas that we could not consider be<- 
fore the change in hardware* We would 
like to have the capability to use real 
graphics; this would itndoubtedly enhance 
learning even more is, 6)* 



Although ve have been using computer- 
generated individualized problem sets tor 
several years « we have just begun to ex- 
plore the possibilities involved with 
using them* For example^ the program 
that is used to generate the problem 
sets can also be used to generate indi- 
vidualized repeatable exams or quizzes* 
Computer 'grading, either on-line or off- 
line « is a possibility* 

Problem sets offer some significant 
advantages over interactive programs. 
They do not require extensive connect 
time, since the actual work is done oy 
the students off-line* They permit the 
inclusion of topics and problems which 
are not appropriate for interactive pro- 
grams* For example f multi-step problems 
that require extensive calculations can 
be included on the problem sets* Ques- 
tions that require the use ot the text- 
book or of other sources of information 
are suitable* In fact, there are almost 
no limitations on the types of questions 
which can be included on a computer^ 
generated problem set* If grading is 
not a problem, even essay questions are 
possible * 

One exciting potential use of com- 
puters-generated problem sets is for diag** 
nosis and prescription which we have 
tried on a limited basis* After the stu- 
dent has completed the problem set, an 
interactive program is accessed on a ter- 
minal* This prrogram checks some or all 
of the student responses* At this points 
some of the advantages of an interactive 
mode can be realized* Iimnediate feedback 
can tell the student which answers are 
correct! and the correct answers or meth- 
ods of calculation can be presented* A 
course of action can be prescribed to 
help the student overcome the identified 
waknesses* Prescribed activities may 
include reading the textbooks doing ad- 
ditional problems, running interactive 
c<^uter programs, viewing slide/tape 
programs f or seeing the instructor* 
These prescriptions are individualized 
and are based on the student's perform- 
mance on the problem set* In addition to 
providing useful information to the stu- 
dents the results can be made available 
to the instructor^ enabling areas of 
weakness to be identified^ for individual 
students and for the class as a whole* 
This capability is similar to the TIPS 
program (7] * 

The problem sets might also serve as 
a core for a system of computer-managed 
instruction* We have been exploring 
some different ways to use them and have 
been encouraged by the results* Our stu- 
dents have responded positively to our 
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primitive attenpts at diagnosing problems 
and prescribing remedies, and we hope to 
enlarge this effort in the near future. 

Several years of working with cQm<- 
puters in chemistry at a minority insti- 
tution have convinced me that many stu- 
dents, underprepared ones in particular, 
can benefit from computer-based instruc- 
tion* I believe that this is possible 
without elaborate computer hardw:ire, ex- 
tensive programming experience, or a huge 
investment of tinr^e and ui^ney* Alfred 
Bork has stated that there is no one 
right way to use.computers xn education, 
or even a most profitable Way (8). Cer- 
tainly there is no one best way to use 
computers in science instruction or with 
underprepared students or at a minority 
jlnstitutiojw But there are many mean- 
ingful and worthwhile ways in which com- 
pleters can be used to enhance learning 
for all students (9,10,11)* Instruccors 
at minority institutions should not con- 
sider computer-based instruction to be 
beyond their c^ ,/abilities* The compu- 
ter is an important instructional tool 
that needs to be included in planning 
present and future educational delivery 
systems* 
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ABSTRACT 

Puerto Rico presents a unique blend o£ 
problems and promise in educational com- 
puting* Both the lack of an adequate 
technological base in i^e community and 
restricted capital hold back the develop- 
ment and implementation of computerized 
instruction in all forms* Public schoolSi 
facing many of the same problems of main- 
land inner-city schoolSi are totally unable 
even to start in this area* NonethelesSi 
since about 1974 there has been a rapid 
growth of instruction with and about 
computers in the itniversitiesi collegesi 
and private and parochial secondary 
schools* This r'owth promises to increase 
radically during the eighties* 

The educational problems to which this 
development responds ^ the kinds of conputer 
strategies attemptedi some interesting 
results i and projections for the eighties 
will be discussed* 
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AN OVERLOOKED KBEh 

While con^uters have many uses in sci- 
ence educationi their use in instrument- 
ation has been largely overlooked* This 
paper will show the many powerful things 
that can be done with a properly inter- 
faced computer to gatheri analyzei and 
present real laboratory data* 

The major reason that this educational 
tool has not been developed in the same 
way as other educational applications of 
computers relates to hardware* Twenty 
years of experiments with educational 
applications of computers have almost 
entirely involved large time*-shared main- 
frame computerSi which are not well 
adapted to the timing requirements im- 
posed by real laboratory measurements* 
A time-shai-ed coi^uter detemines when 
data is going to be read £r<m the term- 
inali a^ so comnnmications with it are 
determined by the computer's timing re- 
quirements* While that condition nmy 
usually be adequate for human inter- 
actions with a terminali it is not ade- 
quate for most laboratory interactions* 
In lab applicationsi the timing require* 
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ments are often too stringent for simple 
time*-sharing systems* It is possible to 
use time-sharing for laboratory measure- 
ments i but it is considerably more complex 
and expensive than using terminals for 
time -sharing * 

The arrival of microcomputers on the 
scene has completely changed the htirdware 
situation* Many laboratory applications 
of computers require very little computa- 
tion and place only minimal requirements 
op the computer r As a result, very simple 
and inexpensive microcomputer? can be 
successfully used in the laboratory* Now 
that the hardware question is being solvei^ 
it is time to begin a vigorous effort to 
make up for lost timei to begin using com- 
puters in the labi to develop related 
hardware and software, and to research the 
educational implications of this tool* 

SAMPLE APPLICATIONS 

Our group at TERC began experimenting 
three years ago with applicatiouc of 
microcomputers in the laboratory because 
we were writing course material on instru- 
mentation as part of our modular electron- 
ics projecti which is designed to pre|>are 
. tudents to use instramentation* It was 
clear from the beginning that no such 
course would be complete without a fairly 
th<3rough coverage of microcomputer appli- 
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cations In instrumentation; .research labs 
that are not already heavily dependent on 
counters for gathering and analyzing 
data will certainly becoire so by the time 
the current generation of stude:\ts are on 
the job for any length of time* 

The Cooling Carve Esmeriinent 

Historically^ the first application we 
developed used the KiM computer to record 
temperature of a liquid sample of naphtha- 
lene ae it cooled through the crystaliza- 
tion temperature* This is tlie cooling 
curve experiment familiar to those Who 
have taught Introductory physical science > 
There is ^orne nice physics in it becauce^ 
as the san^le loses heat to the surround- 
ing water or air^ the temperature does not 
drop uniformly* At the transition temper- 
aturei heat flows out but the temperature 
does not drop, giving rise to a plateau- 
like graph of temperature an a function of 
time. Thlf! shows very clearly something 
that macy beginning students do' not appre- 
ciate; namely^ that there is a distinc- 
tion between heat and temperature; that 
at the solidification ten^eraturei heat 
is flowing out without a temperature 
change . 

There is some good science in this 
experiment* First of aXli of course^ the 
plateau temperature is a good way of de- 
termining the melting point of a san^le. 
In addition^ mixtures of napthalene and 
paradichlorobenzene (moth flakes and moth^ 
balls) display some interesting melting 
phenomena* In some ratios^ the plateau 
disappears f as it will for most mixtures^ 
but at one particular ratio — called the 
eutectic — a plateau reappears at a temp- 
erature that is below the melting tenipera- 
ture of either of the pure substances* 

All these phenoniena are accessible to 
someone with as little instrumentation as 
a mercury thermometer and a stopwatch* 
However f gathering and plotting the data 
can be a tedious and boring taski parti- 
cularly when it is necessary to repeat 
the experiment several times for different 
mixturee. A typical cooling curve run 
takes 20 to 30 minutes* This run can be 
speeded up by using a smaller sample^ but 
then many fewer points are obtained and 
many of the important features of the 
cooling curve are lost* 

The microcomputer solves this problem 
entirely* We developed ^ very sijnple 
Interface that can b^ u'ed to record the 
temperature of a sample at any rate 
desired and to display on a simple oscill- 
oscope a graph of the resulting tempera- 
ture versus time. The microcomputer can 
log in at a rate of one per second to gen- 
erate an apparently continuous graphs 



which can be observed as it evolves » The 
temperature detector is an inexpensive 
signal diode. Because the transducer is 
smallf a small sani^le can be usedi and 
the experiment can be speeded up so that 
it only tahes a few minutes* As a results 
it is feasible for students to cbtain data 
on many different saa^les and focus their 
attention on the phenomena^ rather than 
on the boring details ot gathering and 
displaying the results* 

A Potyourri of Applications 

Since this initial venture into micro- 
computer applications in the laboratory^ 
we havtt developed ouer a dozen other lab 
applications for sij^le microcomputers* 
These /ire listed below with som of the 
more general applications described firsts 
followed by some programs tailored to the 
specific needs of certain laboratory 
rxper/jnentsi 

Counter /Timer * In this pro^ram^ the 
computer displays counts or elapsed 
time* It has all the functions of a 
normal counter/time but with a lower 
frequency response* In addition^ it 
can record for later recovery the num- 
ber of times that multiple events hap-^ 
pened after an Initial trigger period* 
IC Testing * .This convenient program 
leame the lo^ic expected froc' an in- 
tegrated circuit (IC) by running 
through the permutations of a func- 
tioning IC and then collaring this to 
questionable ones* 

Function Generator * Using an analog 
output, this program generates a var- 
iety of functions that one would only 
expect from a very sophisticated func- 
tion generator. Ten different func- 
tionsf including white, pink, and blue 
noisei are available with selectable 
ait^litude, offset, and frequency up to 
a bandwidth of 20 kfit* 
Transient Recorder * this program 
triggers when the transient starts and 
displays the result on a standard 
oscilloscope, thus effectively con- 
verting it to a storage^type oscillo- 
scope » Up to 256 sai^ples of the input 
signal can be recorded at integrals 
as fast as 20 microseconds* in effect, 
the cooling curve experiment is a 
special adaptation of this facility* 
Fourier Synthesis * This program can 
require/ the amplitude and phase of 
up to 30 terms in a Fourier synthesis* 
The resulting output waveform is dis- 
played On a common oscilloscop* and 
can be he^Ard with the help of a simple 
power an^lifier* 

Fourier Analysis * This program uses 
the idea behind the transient recorder 
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to capture an input wavefomi which is 
then frequency analyzed * Osing a Fast 
Fourier Transform algorith, the com- 
puter displays the power content of the 
first 128 frequencies in the captured 
\ signal* 

Radioactive Half-Life Experiment * 
Here, pulse's from a Geiger Tube are 
coointed over timei and the resulting 
half-life decay function is displayed 
on An oscilloscoipe » 
P ulse Height Analysis * This program 
uses a special interface to capture 
the height of pulses from a standard 
photo-^jQultiplier particle detector. 
The resulting pulse height spectrum is 
then displayed on an oscilloscope* with 
less than a dozen integrated circuits 
in the interface^ a standard microcom* 
puter can be used to replace special- 
purpose FUh instruments costing ten 
times AS m:!ch* 

The Cqroputer of Average Transients , We 
have developed a geological sounding 
experiment that requries careful pro- 
cessing of signals frc^ a geophone that 
detects seismic waves generated by hit- 
ting the ground* The conmon technique 
is to use a computer of average trans- 
ientSf which the KIH simulates^ using a 
simple program* 

Solar Collector Analysis * Temperature 
from a number of sensors distributed 
around a solar collector^ as well as a 
light detector measuring the input 
light levelSf is simultaneously logged 
and selectively displayed through use 
of this p\'ogram* 

Hotational Dynamics > This program, 
written by Ken FlwevBi measures the 
angular acceleration of a disk commonly 
called for in l^b experiments involving 
rotational dynamics* 
Linear Dynamics * An electronic version 
of spark tape uses clear tape with 
black lines* fOien attached to an object 
and pulled through a special detector, 
the computer can display position, 
speed, and acceleration instantly* 

EDUCATIOHAL IMPLICATIONS 

These examples illustrate that it is 
technically and economically possible to 
have students use the computer as 'a gen-* 
eral-purpose laboratory instrument; the 
big question in many people's minds is 
whether euch use is desirable* I will 
begin addressing this point by first 
developing the skeptics' argument more 
fully* There are essentially three main 
arguments against the use of this kind of 
sophisticated instrumentation* First i$ 
that it is too complex and difficult to 
use; secondly, it makes the laboratory 



mysterious, thus weakening the connection 
between reality and result; and third, it 
isn*t really necessary at all. These ar- 
guments are taken up in order below. 

Complexity 

Microcomputers introduce a whole new 
level of complexity that requires master- 
ing sophisticated hardware, software^ 
and operating concepts. In order to us«$ 
computers effectively, the students will 
have to investigate all these new ideas 
and will get sidetracked, so that any 
possible advantages that the computer can 
bring will be offset by the enomuDus in-* 
vestment of time and intellectual effort 
required* 

This would certainly be a compelling 
argument if it were true, if students were 
required essentially to develop all the 
hardware and software needed in the labor- 
atory However, this is an inappropriate 
way to use a computer in the laboratory. 
The desirable approach is to use previous- 
ly developed canned -programs that are 
carefully designed to require the minimum 
amount of additional knowledge* Lab pro- 
grams should operate just the way elec** 
tronic pinball machines do; anybody with a 
quarter can walk off the street and begin 
using those microproces^or**based machines* 
There is no reason that laboratory instru- 
ments using microprocessors should be any 
more difficult to use. Admittedly, some 
of our first efforts in this area do not 
meet this requirement. But there is no 
basic reason that prevents microcomputers 
from being easy to use in an application 
area. It is simply a question of good 
programming! providing menus for selec- 
tion and help files to clarify any diffi- 
cult points* 

Mystification 

The skeptic would hold that an instru- 
ment that instantly gives result^" is un- 
desirable when it is not clear to students 
how those results are obtained* If there 
no alternative way to cross-ch^ck the 
/.^ults, if the experiment must stop when 
the appara-cus stops functioning, and if 
the computations are too difficult to dis^ 
cuss, then the results may as well be 
magic * 

Since the results appear to be magi- 
cal, the student loses any chance of hav- 
ing any intuitive understanding of the 
meaning of the results and connection be- 
tween those results and the physical phen- 
omena under investigation. For insta;ice, 
you pull a strip of marked paper through a 
little gadget, and the cc^uter prints out 
some acceleration data. The connection 
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between the way you pulJl the tape and the 
acceleration is incoinpi:^hensible and un** 
verifiable^ andi therefore^ the students' 
understanding of the term acceleration is 
not enhfmced by this experiment* Vith a 
spark tapei the student can see the marks 
on the tape, understand the relationship 
between those and thd motion, «uid trace 
the calculation of the acceleration 
through a series of simple calculations 
based on the marks* Furthennoref the cal«- 
culations asfe based directly on the defini*- 
tions of veloci^ and acceleration, and 
therefore, the student gets practice in 
applying those definitions b^ performing 
the calculations in the laboratory* All 
awareness of these relationships are lost 
vhen the computer automatically calculates 
the accelerations and graphs them* 

, An important part of laboratory exper- 
iences for students is their enabling 
function* That isi by learning how to 
frame and answer questions, students ar« 
then better able to function as scientists 
and as citizens* Understanding is the key 
to this enabling function, and the inclu- 
sion of a major thing, the microcomputer, 
vhich is Inherently incoioprehensible , is 
disabling rather th«m enabling* 

These are in^rtant arguments and point 
up some of the pitfalls of using the com- 
puter in the laboratory* Like any new 
tool, the microcomputer can be misused* 
However^ the statement of the problem 
points to the solution* Host people can 
learn to use mysterious or incomprehen- 
sible devices " so long as they have a 
clear idea of cause and effect. Many 
aspects of diriving a car are essentially 
mysterious to drivers; the details of the 
connection between the wheel and the dir- 
ection of motion, between turning the key 
and the operation of the motor, between 
the position of the accelerator and speed* 
The same argujnents can be applied to most 
of the technologies in our envircmmenti 
television^ radio^ calculators^ tele- 
phones^ and aspirin* People use them all 
more or less effectively without any de^^ 
tailed understanding of their mechanisms* 
Through practice people have learned the 
connection between Inputs and outputs* 
They have learned what to expect when 
the accelerator is pressed^ when the 
record button on a tape recorder is 
punchedf when -a telephone is dialed* The 
reproducible and predictable nature of 
these technological aids^ which can be 
understood et an intuitive level through 
practice, completely removes the mystery 
surrounding their operation and obviates 
the need for a detailed understanding of 
hm they work. This process of gaining 
an intuitive appreciation of a connection 



of inputs and outputs I call ''intuition 
calibration" because it is directly anal«- 
ogous to the calibration one performs on 
instruments* 

The thesis f then, is that if a micro- 
c(XDputer is used to measure acceleration^ 
this will appear to be n^^terious only 
until the students' intuition is calibra- 
ted* How is this done? The direct app- 
roach is to give students this tool and 
let them play around with it in a directed 
manner in order to get a good intuitive 
feel for what it is producing* In tests 
with students, we have found that it 
takes very little time using this tool to 
appreciate, on an intuitive level, the 
relationship between the acceleration and 
the change ot speed, namely, that rapid 
changes in speed results in large accel- 
eration and that slowing down is just 
another form of acceleration with a neg- 
ative sign* These intuitive explorations 
demystify the tooli but more ii^rtant, 
they foster an intuitive feeling that no 
other approach can create* Students come 
away with more than understanding of an 
isolated termi such as acceleration* They 
talk about acceleration in intuitive terms 
that are directly related to its defini- 
tion* They see that it is position-indep- 
endents that it only depends on how quick- 
ly speed is changing* Thus, the measure- 
ment and the definition come together in 
the laboratory without the use of compu- 
tation* 

The one argument that can't be count- 
ered is that students do not got as much 
practice performing computations in a 
laboratory where the cc^tputer does the 
computation* The obvious cure for this 
is to assign some additional computation 
or to do the experiment once without the 
computer* 

Heceseitv 

The~skeptic*s argument here Is that the 
computer, whiXe attractive^ is not really 
necessary in th^ laboratory* However, 
the microcompi^ter makes a nuolber of things 
possible that could not otheirwise be done 
conveniently or economically^ and there- 
fore, unless cne takes the fan*.astic pos- 
ition that there is no need to improve 
science instruction^ one cannot ignore 
these rather substantial improvements* 

The use of a genera l^purpose lal>oratory 
computer broadens the kinds of experiments 
that can be contemplated in a teaching 
laboratory and also increases the rate at 
which data can be gathered and analyzed* 
For examplCf the dynamics measurem^ts 
persiit a detailed analysis of the connec- 
tion between force arid acceleration that 
is « imply r*ot posfSibXe through any other 
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mechanism* This application alone opens 
up new andf as yeti uncharted possibili- 
ties in the introductory laboratory » sim- 
ilarlyi the Fourier Analyzer, the Pulse 
Hteight Analyzer, and even the Con4>uter/ 
Timer open up possibilities that would 
otherwise not be considered in elementary 
laboratories because of cost considera^ 
tions* 

The speed with which experiments can 
be analyzed is often an important educa- 
tional factor* Instead of a simple fall- 
ing ball experiment occupying an entire 
laboratory, many accelerated motions can 
be studied together in one laboratory; 
instead of one cooling curve, a set of 
cooling curves of various mixtures can be 
studied in the same length of time* The 
result has to be that students will have 
more raw data available to them on which 
to fashion their theoretical model o£ the 
natural world* Because less time is de^ 
voted to the calculation and presentation 
of data, more time can be devoted to un-^ 
derstanding the scientifice phenc^na* In 
many cases, the hand calculations are not 
only time-consuming but distracting; 
because they occupy most of the lab time, 
students tend to focus on them and totally 
forget the scientific phenomena being in- 
vestigated* 

A secondary but important argument for 
the inclusion of microcomputers in the 
teaching laboratory is that by the time 
our students are eii9>loyed, those that go 
into the laboratory will find microcom^- 
puters there* 

THE FUTURE 

J feel that the microcomputer viewed as 
a laboratory instrument is an emerging 
resource which ia cost effective today in 
certain teaching situations and will be 
used in the immediate future in an 
extremely broad range of science teaching 
environments * 

Current Efforts 

The pr/.mary iicpediment to the wide 
scale use of microcomputers in the labora* 
tory now is that software and hardware are 
not readily available from any one source* 
This, in turn, is partly because commer- 
cial vendors do not perceive the teaching 
laboratory as a commercially viable area 
because there hius been no broad expression 
of interest by laboratory teachers* 

As a non-profit organization dedicated 
to iB^roving science instruction, our 
group at TERC have undertaken a number of 
projects to speed the introduction of the 
microcomputer into the laboratories* He 
have^ of course, generated some sample 
programs that illustrate the kinds of 



things that can be done, and we also eval- 
uate and distribute hardware and software 
so that schools and teachers can find most 
what they need at one place* We have de- 
veloped three laboratory interfaces and 
are currently working to Interest some 
manufacturers in these or other related 
products * 

For a number of years, we have been 
giving workshops for teachers on the use of 
microcomputers in teaching* These work- 
shops have been very well received and, 
in fact, we face the problem that there 
are more people interested in taking these 
workshops that we can possibly enroll* To 
meet this need, we are in the process of 
developing an exportable workshop — a one- 
day workshop that former workshop partici- 
pants can themselves offer to others* We 
are currently looking for groups of 
teachers who will participate in the first 
round of these workshops and be willing, 
then, to host these workshops themselves 
in their immediate locale* 

Lonq-^ran^e Efforts 

We see a time in the near future when 
microcomputer-abased instrumentation will 
be as widely used in introductory science 
teaching as microscopes, clocks, and ther^ 
mometers* The microcomputer will not be a 
£rill added on top of other instrumentation; 
it will be the primary instrument* Because 
o£ the ease of progreumning and flexibility 
of input and transducers, grade school 
students could use microcomputers in much 
the way they currently use microscopes, to 
extend their senses, to help them perceive 
physical phenomena that are outside the 
range of their immediate senses ^ and to 
provide the questions and motivations for 
scientific studies* Host of the elements 
necessary to fulfill this vision are cur<- 
rently available^ and it is certain that 
prices will drop over time to the point at 
which few schools could justify not having 
microcomputers in the laboratory* 

Heanwhile, however^ we see four areas 
in which important work needs be done 
before microcoinputers will be widely u9edi 
education research and development, improve* 
ments in the laboratory interface hardware, 
network software for sharing limited 
resources, *and development of curricula 
that use laboratory- interfaced computers* 

Education Research and Develo^ent * We 
have suggested that the Introduction of 
microcomputers in the laboratories^ while 
having many advantages, also creates cer- 
tain pitfalls* Both the advantages and the 
pitfalls need careful researching* In what 
sense can students learn to master such a 
powerful tool? What intellectual pre- 
requisites m^st they have? The questions 
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raised about so^stification and enabling of 
students must be studied in greater detail. 
There is a j^ossibility that the introduc- 
tion of laboratory experiences that use the 
microcomputer will be of benefit not only 
to science instruction but also to mathe- 
matics learning. When combined with the 
power of the computer to analyse and modeli 
the introduction into mathematics j.i^struc-' 
tion of computers that can deal with real 
phenomena will have an important role in 
motivating students in building intuition; 
this area needs to be researched and de- 
veloped » 

Interface Hardware * He see a continuing 
need to Xecp abreast of hardware develop- 
a^nts and continually incorporate relevant 
innovations into interface designs* It 
is cnly by producing and distributing in- 
creasingly sophisticated prototypes that 
we will learn how these can be used in edu-* 
cationi how costs can be minimisedi and 
haw dissemination probl^s can be reduced* 
One of the benefits of our work in build- 
ing and distributing prototypes is that it 
helps bnild a market we hope commercial 
companies will want to exploit* 

Vte see a clear need to develop an in- 
terface that contains Its own 16*bit CPU 
and communicates to a host coj^puter over 
the ;new general interface bus or over 
other standard conmmnication lines. Such 
a device would have greatly increased 
performance and would be compatible with 
almost all commercially available compu-* 
ters. While it may not be affordable by 
a large numtor of institutions this timOi 
it is important to learn, through limited 
distribution, what educational 'advantages 
accrue from the increased performance this 
unit would have* 

Networking * The expensive part of 
computers now is not the central process- 
ing unit or the memory but rather the 
peripherals; printers, disks, specialised 
interfaceSi graphic displaysi and the 
like* The appropriate way to maximise 
computational performance is to have a 
means of sharing the expensive resources 
among o variety of inexpensive computers* 
This is called networking and is the 
microcomputer alternative to time-sharing 
which is really only appropriate for 
computers that have expensive CPUs and 
memory* He have some interesting net- 
working software and hardware currently 
operating in our lab that need to be 
brought into the teaching environment 
and expanded to laboratory applications* 
He envision that the teaching laboratory 
of the future will involve a network o£ 
inexpensive computers at each laboratory 
stationi networked with a number of more 
sophisticated s|Secial*purpose microcom- 



puters to be used for extensive data 
analysis, combining data from many students 
and generating complex displays. This 
local network would be tied into a central 
computing center, which could be used for 
long-term storage, high-speed printing, 
and the maintenance of large data bases. 
He are cooperating with a number of 
schools to work towards an initial imple- 
mentation of this ideal* 

Curriculum . The most pressing current 
need in this general area is to develop 
curriculum material that uses laboratory 
microcomputers* One can view the programs 
that we have developed so far as samples, 
a shotgun blast that illustrates what can 
be done* There is an urgent need syste- 
matically to apply laboratory-based micro- 
computers to courses in various disci- 
plines* An important aspect of this 
effort is to try to define the electrical 
characteristics of the interface that is 
required, so that the curriculum material 
does not haye to be tied to any particular 
hardware* He naturally feel that our lab' 
interface defines this standard, but we 
would be del .ghted to discuss any other 
possible standards with any educators. 

The only way extensive curricula v/ill 
to^ developed is to use teacher-generated 
material. Tbe m^^-jor problem with this 
approach is the evaluation and distrx* 
bution of this material. We have estab- 
lished an experimental Miciocomputer 
Teacher Resource Center that uses a com- 
mercial data base to store reviewed files 
and programs. This data base is public 
and contributions are welcomed. If 
teachers will evaluate what they use 
from this data base and contribute some 
new material, great strides will be made 
in filling the missing curriculum gaps. 

SUMMARY 

A microcomputer equipped with a labora- 
tory interface offers a very exciting new 
resource for science instruction* With 
the proper hardware, the computer can be 
turned into an altogether general-purpose 
instrument. It can replace a large number 
of standard instruments at a fraction of 
the cost, and provide the major measure- 
ment and analytic tools needed in a wide 
xange of science courses. Equi^ent and 
software are available today that begin 
to do this, while future hardware develop- 
ments and declining costs will make lab- 
based microcomputers a necessity in many 
teaching situations* 



ERLC 



2GS 



256 NECC 1980 



THE COHPUT£R LAB OF THE SOS 

Guy Larry Brown 
Headt Data Proceaalng 
Piedmont Virginia Community College 
Rt* 6, Box 1-A 
Charlottesville, Virginia 22901 
(804) 977-3900 



IKTEODUCTIOK 

I>urlng the paat 20 or so yeara that the 
computer ha« been used as an acadenlc roolt 
there haa been considerable dlacudslon 
about computer^aaalated Instruction (CAl) * 
CAlt In factt has been a luxury affordable 
by only e few* tn recent years ^ with prea-* 
aure being applied to educational budgets* 
It appeared that CAl vould remain a dream 
to be reell2ed only if the good fdli7 god- 
mother waved her magic, vend In a claas-* 
room« Hovever, the advent of the micro- 
computer vltb Its low coat and super cap-* 
abilities has made It possible for that 
marveloua wand to be directed Into even 
the moat Impoverished academic niches < 
This paper describes en operating system 
of microcomputers that Is unique in capa-* 
bllltlea and coati» 

THE SYSTEH 

The system In operation tonslsts of 14 
microcomputers eecb with 8^192 (8K> of 
random ecceas memory (RAH) and 8K of read 
£0ly memory (ROH)* The RAH allows storage 

laatructlone written In Hlcroscft BASIC 
and data In the form of letters of the al-» 
phabett dlgltat and special cheracters^ 
The HOH contains an Interpreter that tran-* 
elates BASIC into the computer's language^ 
Each micro has Its own keyboard for Input 
Into the computer and e video monitor for 
visual output* 

Stored programs are available from 
shared dual floppy dlaka* each capable of 
holding up to 275K cheracters* The disk 
unit la part of the host computer through 
which control of the micros Is centrally 
exercised « Thla host computer has 48K RAH 
with its BASIC on diak Inatead of in ROH* 
Control of the hostels through e CRT* At-* 
tached to the host la a 100 character per 
second iCVS) metrix printer which Is also 
Shared by the micros* 

The program (software) that provides 
the capebility for the micros to share the 
diaka for input/output (l/0> and the print- 



er for hardcopy output occupy only a small 
part of a single disk* The remainder Is 
set aside to store student programs and 
for other uses as may be desired* For 
example* a program can be ^called by e stu^ 
dent to provide Information about a problem 
he does i^ot fully understand* Or a series 
of teats can be stored for use by the stu- 
dent at the instructor's discretion* 

Two of the micros received minor modi* 
flcatlona to permit l/O through a standard 
caasette player* This capability permlta 
the units to be detached from the system 
end moved out of t^e lab for demonstrations 
or other purposes* Ir elso allows for the 
transfer of a program stored on a cassette 
Into the micro's memory and hence onto a 
disk for atorage and subsequent evallabll* 
Ity to all micros* 

All computers were manufactured by Ohio 
Scientlflct the prinrer is a Centronics 
779t the video monitors are Sanyo VH 4209^ 
end the CRT is a TEC Series 500* The sys- 
tem la capable of operating with 16 of the 
micros; however^ to keep total coats below 
$19t000t only 14 were purchased initially* 
This figure Included all equipment t Inatal-* 
lationt and softwarel Equipment selection 
was influenced by the availability of a 
reputable locel deeler who services what 
he sells^ Also favoring Ohio Scientific 
is the large inventory of softwaretS small 
business system capability with harddlsl^'St 
and design features making expansion and 
upgrading simple snd relatively Inexpen-* 
sive* 

OPERATION 

The system has operated almost f lawless-* 
ly since installation In the fall of 1979. 
Typical micro systems use caasette 1/0 
which Is very slow compared to disk* And 
a dedicated disk for atend-^alone microa 
adds significantly to the costof the unit. 
The shared syatem ellowa each micro user 
to (1) load a program atored on disk Into 
the memory of his computer* \2) save e 
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program on dlsk» (3) print a Ildtlag of 
the progratut or (4) print the output from 
the execution- of a program* Only one micro 
can use the disk or printer at a tine* 
The use of passwords for files , message 
eending to the host computer, and line 
advancing on the printer are recent • 
locally added enhancements to the oper- 
ating software.. 

USES 

Presently the system is used only for 
teaching the programming language BASIC* 
One 20-^atudent class was taught in the 
fall of 1979, and two such classes are 
being conducted during the winter quarter* 

During registrstioni several units were 
moved from th& lab for demonstration pur- 
poses* Curiosity was aroused in many who 
stopped to engage in conversation with the 
computer or play a game* 

FUTURE PLANS 

In addition to expansion to 16 vticrost 
there are plans for the acquisition of a 
quality character printer for word proces- 
sing* This capability will permit in- 
struction of secretarial science students 
and members of the staff in word proces- 
sing* 

Expansion of courses to cover assembly 
language is anticipated as well as a course 
in the operation of small business computer 
systems* Longer range plans call for 
teaching COBOL* 

Efforts are being made to make the lab 
available to any of our faculty for use in 
their courses.. Programs will be developed 
for matht chemistry* biology* and a variety 
of business courses* 



DISADVANTAGES 

Disk and printer allow only one user at 
a time (this is only a minor incon- 
venience) * 

Cost is so low that academic ^fepartments 
can afford procurement without in- 
volvement of computer management 
(maybe this is an advantage)* 

Documentation is not complete or error 
free* 

Operating software lacked capability 
for printing the execution output 
of a program (locally modified to 
acquire this capability)* 

Service may not be locally or quickly 
available * 

Cost is so low that one cannot expect 
the same level of manufacturer sup- 
port as previously experienced when 
systems were priced much higher* 

Demand for usage might be so high that 
the establishment of priorities for 
use may be difficult* 

SUHHAET . 

A computer lab for tbe 80s is available 
today* It consists of up to 16 microcom- 
puterst each of which can bave up to 32K 
RAH* They have rapid access to prograss 
and data through a shared dual floppy disk 
drive which also provides for equally npid 
storage* Hardcopy listings of programs and 
output from the execution of those programs 
are also available on a shared printer* 
The system* including the host computer anl 
all other hardware ^ installaticnt and nec- 
essary software is available for around 
$20,000* 



ADVANTAGES 
Cost* 

Reliability* 

Graphics capabilities o^ 236 characters* 
Standardization of components* 
A single disk for program/data storage* 
Display of 64 characters/32 lines on 

micro videos.. 
Extensive software available from man- 
ufacturer * 

Expansion of capabilities and updating 

inexpensive* 
Not dependent upon trained computer 

personnel* 

Rapid transfer of programs/data through 

a disk system* 
Hardcopy available to all mic r os * 
Control is facilitated thxo'ilgh the host 

computer . 

No rel iance on telephone connections * 
Students learn on a micro frequently 

found in businesses* 
Micros still function independently* 
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THE EOtJCATIOflAL TECHKOLOGY CENTER 

Mfred Borki Stephen Pranklini and Barry Kurtz 
EOucational Technology Center 
univer»lty of California 
Irvine* California 52717 
(714) 8SS-6911 



This paper reports on the formation 
of the Educatioml Technology Center at 
the univereity of Californiai Irvine* The 
prinuiry focus of the Center is the uue of 
the ooikjpater as a learning aid* The 
Iducationtl Technology Center vas started on 
January 1, 1980» with University funds 
providing staff support* The Center con- 
tinues the activities .in conputer^based 
learning conducted by the Physics Ccmputer 
Dsvalopnent Ptoject during the last eleven 
years* 

the Educational Technology Center was 
formed beoauae we believe strongly that 
the next decade will be a critical period 
In Alter ican education* Such cent-jrs are 
needed to guide us toward a future where 
t^e coiMputttr will play an extremely im- 
portant rol« in education* It is impor- 
tant to develop a nuviber of continuing 
groupe that are not fully dependent on 
grant funds but have an existence beyond 
support for particular projects* 

ire have pursued for some years within 
the tlhiversity of California the possi- 
bility of one such Center* He will pro- 
vide guidance to others working in this 
area* The center will work on a wide 
range of research and developeient activi- 
ties leading to more effective use of the 
computer and associated technologies in 
laa:;nin9 enviroments* 

CORHBSTT ACTIVITIES 

The Educational Technology Center 
Intends to engage in nany activities con- 
o«rnlng more effective and more efficient 
uee of information technology in learningi 
imephasiiing learning materials on the 
pariFonal computer* Some of the activities 
will be pure ressarchr while others will 
have a strong applied and developmental 
component* We shall work closely with 
individuals and groups elsswherSi as in 



the pasti so that the Center has a 
nationwide effect beyond its immediate 
activitiesi materials^ und publicity* 

The Center will publish a newsletter 
reviewing the activities and results of 
its projects* Although no set schedule 
is plannedi we expect this newsletter to 
be published three times a year* Anyone 
interested in receiving the newsletter 
should write to the Center* 

The following list gives the active 
projects at the Irvine Center* Further 
information about any activity is avail- 
able on request* 

1* A Testing and Tutoring Environment 
for Large Science Courses* 
Authoring for personal computers 
Testing environments 
Physics - waves 
Statistics 

National Science Foundation — Compre- 
hensive Assistance to undergraduate 
Science Education (CAUSE) 
2* Scientific Literacy in the Public 
Library* 

Public libraries^ shopping centersi 

science museums 
Public understanding of science 
Personal computers 
Fund for the Improvement of Post- 
secondary Education (FIPSB) 

S* Mathematics Competency Tects for 
Beginning Science Courses* 
University of California/ California 
State University and Colleges 

4* Translation of timesharing materials 
to personal computers* 
universitl* of California/California 
State University and Colleges 

5* Biology materials •* ^^cology* 

university of CalifotMa, Irvine, 
Committee on Instructional Develop* 
ment 
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6* Development of Reasoning Skills in 
Early Adolescence* 
Junior high students 
Transition to formal reasoning 
Personal computers 
National Science Foundation - Devel- 
opments in Science Education (diSE) 

PR0DUC7X0H SYSTEM 

In addition to specific productSi 
such as those just mentioned, the Center 
has developed a production system £or 
generating computer -based learning mater-^ 
ial* The emphasis is on both efficiency 
and effectiveness ^r^d on techniques vhich 
will allow natural extensions to large-^ 
scale production of such models* The 
production system is based on a systems 
analysis o£ the problem and on our many 
years of experience in producing a wide 
range of learning material* Literature is 
available describing the system and the 
supporting software* 

ISSUES FOR THE FUTURE 

Currently we can distinguish a number 
of very important issues that will shape 
the future of computer-based learning; 
these issues indicate directions the 
Educational Technology Center will pursue* 
No order of priority is intended in this 
list* 

1* Full-scale course development* 
At present, with a few notable exceptions, 
computer-based learning materials are sup- 
plementary to course structures^ Very few 
full courses m^Ve heavy use of computers 
to aid learnini^ We need experience in 
developing such complete courses and in 
integrating computer and other learning 
aids. We need additional experience in 
computer-aided delivery of such courses. 

2* Expanded acquaintance* Very few 
teachers, and even fewer members of the 
general publiCi have seen any effective 
computer-based learning material* Often 
the examples seen have been weak examples; 
So the learners have formed inaccurate 
opinions of the value of such material* 
Ke need more acquaintance with the full 
range of possibilitieSi more computer 
literacy with a learning emphasis* 

3* Research in learnin<T * Presently 
we have connecting tneories about learn- 
ing* We need to know more about how stu- 
dents learn so that we can develop better 
learning aids* 

4 * Production techniques* Older 
strategies for developing materials often 
vere not suited for the large-scale deval- 
opinent needed in the years ahead* The 
. types of syst^Qs approach followed at 
Irvine and elsewhere needs further explor* 
ation and refinement as the scale of 



activities increases* We should aim for 
the best possible materials at the least 
developmental cost* 

5* Expanding technologies * Com- 
puter and associated technologies are 
evolving rapidly* We m^st learn quickly 
to use an^ expanding range of capabilityi 
developing materials which are not immed- 
iately outmoded » 

6* The computer as ^ new interac- 
tive medium^ In understanding a new 
learning mediumi we mxst learn how it 
differs from older media* For example, 
reading from computer displays has many 
differences from reading print mediitm, but 
the empirical details are not known* 

7, Dissffli nation*^ New media also 
demand new mo^es of dissemination* 

8/* * lrew course and institutional 
structurss* As computers are more widely 
used, they will have major effects on 
course and institutional structures* 

The Educational Technology Center 
intends to pursue these and other issues* 
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ABSTRACT 

Over the paat decade a considerable 
nuniber of discussions in industry -oriented 
publications like Coniputerworld have 
focused on irrelevant eaucation as a reason 
for prevalent software probleins and DP 
personnel shortages. In this session, 
educators will discuss efforts made by 
their institutions to resolve the supposed 
relevance problem in programs for business 
application's software designers at the 
graduate and undergraduate level* Two 
industry representatives will also partic- 
ipate in the panel* 



PAHT ICIP ANTS (Listed in order of presen 
^tiCT 

Marguerite Summers, Chairperson 
Western Illinois University 

David Naumann 
University of Minnesota 
HBA and PhD HIS programs 

Joyce Elam 
Wharton School 
University of Pennsylvania 
MBA concentration in HIS 

Eleanor Jordan 

University of Texas at Austin 

Undergraduate DP program 

James Cook 

Southwest Texas University 
Undergraduate business CS program 

Ken Truitt 

AHCO Oil and Gas Company 

Willis Ware 
Hand Corporation 
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Jacques E. LaFrancc 
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ABSTRACT 

Pre -^college prograinmiag experience has 
been observed to be detrimental in many 
cases to college-level study of computer 
science* The problem is the lack of un- 
derstanding of the principles of struc- 
tured programming* The solution proposed 
here is the introduction of structured 
programming games at the elementary 
school level ^ich will prepare the 
children to do structured programming 
later on with languages such as BASIC and 
FORTRAN that are not designed to promote 
structured prograimning* Art example of 
doing this called AHTFARM .s presented 
and the results of using it vith one 
group of children are discussed. 

THE PROBLEM 

More and more students are entering 
university computer science programs with 
some form of prior .experience with com- 
puters* This Is typically a hi^ school 
course in FORTRAN or BASIC or experience 
with a personal computer* There sterns to 
be no corresponding exposure to struc^ 
tured programming or design, however, 
the students believe they know a lot be- 
cause they have written programs in BASIC 
or FORTRAN, but in reality they know onl; 
coding) they understand nothing of struc- 
ture, top down design, good style, or 
documentation* It is sometimes diirficult 
to get them to break the resulting bad 
programming habits* This problem is like- 
ly to be compounded by the increasing 
availability of small personal computers 
without proper accompanying instruction 
in good top down programming, An in- 
creasing number of young people will 
likely learn programming by reading their 
microcomputer BASIC manuals* The learn- 
ing of coding will thus be encouraged 
tathet than the learning of programming* 
Yet these students will be misled into 
thinking they know a lot because they are 



able to code some substantial programs* 
The task of computer science education 
will be made more difficult by this back- 
ground experience because the students 
will have to do more unlearning than is 
currently the case and sometimes unlearn- 
ing is more difficult than learning* 

THE PROPOSAL 

A possible solution to the above prob- 
lem would be to introduce structured pro- 
gramming concepts to children before they 
are able to begin to use conventional 
programming language* Other tfulutions 
might be to replace BASIC with PASCAL as 
the most common microcomputer language or 
to have all manufacturers' BASIC manuals 
based on structured programming* Neither 
of these alternative solutions seems 
feasible, The simplicity of BASIC will 
cause it to continue to be populir, es- 
pecially with the smallest computer con- 
figurations. The large number of pro- 
grams already coded in some dialect of 
BASIC will also serve to keep support for 
BASIC strong* The trtanuf acturers may be 
more or less willing to include struc- 
tured prograQuning concepts in their man- 
uals, but the bottom line will always be 
what enables them to sell their product* 
The general public will have to become 
more knowledgeable, discriminating, and 
particular before the manufacturers will 
feel any serious pressure to include ma- 
terial on structured , programming. 

Although the first solution mentioned 
above is not a shoo-iti, it is one that 
can be developed more easily than either 
of the others and would be worth inves- 
tigating* It is not realistic to have 
all elementary schools begin teaching 
structured programming^ but a few well- 
published success scories plus the avail- 
ability of well-writti^n materials for use 
in schools would help to promote the 
idea* A few successful projects at 
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schools in several areas across the coua** 
try would encourage other educators . io 
something similar and inspire comp. i.jr 
manufacturers to include structured de- 
sign and programming in their manuals* 

Structured progranmiing concepts could 
easily be introduced to elementary school 
'children if they were presented in game 
form at their level of sophistication* 
Qam^ti could be developed for which the 
con ol language is inherently struc- 
tU'' and the children would be moti- 
vaj.«a by the attraction of the game to 
master the control language as well 
{fbssit^le in order to do more with the 
game* Because the language would be in- 
herently structured^ they would automat** 
icalty begin to develop structured prob* 
Icm solving skills and structured expres- 
sion of their ideas* Manuals could be 
provided that would describe structured 
design and programming in a way that most 
teachers could fo^ low and would also 
describe how to use the games with the 
children to develop their understanding 
and skills. 

The LOCO system at M*I.T* Artificial 
Intelligence Laboratory (12) already con- 
tributes to these goals. This system was 
not developed for introducing structured 
programming concepts but i:ould be easily 
adapted to that purpose. It is exciting 
for the chiliren to use \1A) and there- 
fore has the necessary motivational char- 
acteristics. Several other tools for 
teaching structured programming could be 
developed with different appe^ls^ dif- 
ferent levels of s aphis tlcat ion » and dif*- 
ferent organizational structures* 

THE EXPERIMENT 

A pilot testing of these ideas was made 
in April 1979 by the author and Dr. Mary 
Dee Vosberg of Central State Uuiversityi 
Ec^mond, Oklahoma* To present the ideas 
of programming to a group of gifted 
children, we designed a ga^e called 
ANTFARM* It was implemented on an IMSAI 
with a Z80 processor. Digital Micro- 
systems disk, -jnd Infoton 200 CRT using 
the UCSD PASCAii system vhich we took to 
t* ^ presentation and set up there* 

The ANTFAkM program consists of drawing 
i n ant facing up in the center o£ the 
i^creen and two rows of food (^'6"*s) in 
the upper left* Vhe goal is to have the 
ant move over to th^ food, eat it» and 
plant new food* The ant looks like: 

\*/ *i \ / 

0 or -0 or *00- 

0 0- / \ 

Vl\ 1\ 

etc*, depending on orientation 



It accepts five basic commands: MOVE, 
TURN LEFT, TURN RIGHT, EAT, and PLANT* 
MOVE means move forward one character 
position in the direction the ant is fac- 
ing; TURN, LEFT or RIGHT, means a A5* ro- 
tation about the first body segioenti EAT 
means to consume whatever is under his 
headi and PLANT means to plc^nt a now seed 
with his tail* Seeds start out as ***"i 
100 time units later they germinate 
(", ") ; then after 50 more units they 
sprout (" I ") * They grow into a stalk 
(^'1**) after 50 more units and then into a 
branching plant ("Y") after 50 mre. At 
the end of 75 more iinits, a flower ("P") 
appears and then efter 75 more or a total 
of AOO units, the plant matures into food 
<"8")* One time unit is the time neces- 
s^'ry to execute one operation. Such a 
growing rate seems to be a satisfactory 
choice though unrealistically fast. 

Each time the screen is updated, the 
cursor is moved to the home position, and 
the first line on the screen is erased to 
await the next input* The user may type 
any combination oi commands on this lin^. 
When the return key is pressed the co'n- 
mands are performed. We began by simply 
showing the children the effects of indi- 
vidual commands* Then we introduced the 
concept of sequence by siiowing that sev- 
eral com^nands can be lifted on the same 
line* 

Since the sequence of commands cannot 
be longer than one llne» the limit on 
program size is quickly reached* Other 
commands are then introduced to allow the 
ant to do more things i From the author *s 
point of view^ however, additional com- 
utands are given to develop the additional 
structured programming concepts of itera- 
tion, 5elec*:ion* and refinement* 

The first additional command illus- 
trates iteration: **D0 a c^atmand sequence 
n TIMES," where n is an integer* Instead 
of "n TIMES, " there can be 'TO ROW 
integer" or "TO COLUMN integer * The 
rjws are numbered down the left of the 
scrjeu and the columns across the top on 
the second row. This command allows the 
ant to go through a sequence many times 
before stopping for the entering of the 
next command* i*^e "DO" command can be 
used in conjunction with the do nothing 
commands 'VAIT** and ''REST" to watch 
plants grow* ) 

The command to illustrate selection has 
the formt 



f PLANT 
IF SEE i FOOD 

* SPROUT 



[aheadI 
LEFT } 
RIGHTj 



command* 
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If the character space in front (or to 
front left or front right) contains non-^ 
space for "PLAHT," f or "FOOD," " -/* or 
"1" for "SPROUT," or space for "DIRT," 
Che sir^le command following will be exe- 
cuted* otherwise it will be skipped. 
This co^mmand allows for some interesting 
conditional casks such as having the anc 
look for a row of food to eac or an open 
furrow in which to pla^t tiiore food* Al- 
though Che chi^dret. were able to use this 
coimnand it seems to need more developmenc 
CO be stronger* In its present fornt, it 
seems coo rescrictive* 

To encourage the development of hier^ 
archical struecura and refinement, the 
command sequences are limited to one 
line, and a command called "REMEMBER" is 
given. This command has cht: form "REMEM- 
BER name command sequence EHD" which al- 
lows the child to give ncmcs to command 
sequences for subsequent use as commands 
themselves. One popular sequence is 

REHEM6ER TURNAROUND DO TURN LEFT 4 TIMES 
END 

after which "TURMROUND" can be used as a 
commanJ. This subprogram capability is 
esp^icially helpful when used in connec- 
tion with the selection command sinee 
only one command may be selected or 
skipped. T^e commands ''QUIT" and "STOP'' 
allow the currant subprogram to be ended 
prematurely (or che ANlrARM program it- 
s' If to end if it is used at the command 
Itue level). This capability allows for 
powerful search features when used in 
submodules with selection and iteration 
commands, such as 

REHEHSER MOVETOFOOD DO MOVE IF SEE FOOD 
AHEAD STOP 70 TIMES END 

This will cause the anw to itiove forward 
70 times or until there is food right in 
tront o^ it, whichever coro'^s rir^st. 

One 0^ the tasks the children raced vis 
the planting of a field of four rows of 
ten plants each. The following is an ex*^ 
ample of a structured development of a 
solut ion: 



The final commands avaliab. are "FORGET 
name," which eliminates th^ named module 
from the table, and "TELL," which lists 
on the screen all the "REMEM6ER"ed names 
and their definitions. 'n the use' 
pushes che return key after the "TELL" 
display, the screen is cleared and the 
ant s fdrm scene is redisplayed as it was 
prior to the "TELL" display* A future 
addition will be commands to save and re- 
call the ' set of defined modules to and 
from a disk file. These eommands will 
allow a child to build his program from 
day to day rachtr than having to type 
everything over from the beginning at 
eaeh session. 

THE RESULTS 

We had about 1^ hours with a group of 
gifted children between the ages of nine 
and twelve. Interest was universally 
high throngjiout the session. The format 
of che session was that for about 20 to 
30 n-iinuces che children were shown some 
of the hardware aspec*.-^ of computers t 
Chen che AWTFARH was incroduced. Since 
the Infoton has a detached keyboard* the 
author sat to the side and did all che 
cyping while che children looked at che 
screen and said whac to type. We intro-^ 
duced che ANTFAHM features roughly in the 
same order as in this paper, stopping 
frequently to ask the diildreu how to gee 
the anc to do some specific cask* The 
children picked up the ideas very quickly 
and were soon celling us of th-ngs they 
wanced to see che anc do. 6y che end of 
the hours, three or four of che mosc 
involved children were beginning to use 
top-down design to achieve some specific 
task they wanced the anc to do, defining 
their own modules and giving them names. 

The only weaknesses observed were the 
Selection coirmands and che bugs . The 
sel^^cion coiiunands were coo difficulc for 
che children co use unaided in their pre*' 
sent form, primarily because che condi- 
tion was something happening out in front 
of che ant instead of right under him, 
and the seeing left or right does not 
correspond well co whera che ant is 
facing when he turns. The bugs oecasion*' 



REMEMBER FIELD TWQFURRGWS TWOFURROWS END 

REMEMBER TWQFURROWS FURROW NEXTRIGtlT FURROW rfEXTLEFT E»D 

REMEMBER FURROW DO MOVE PLANT 10 TIMES END 

REMEMBER NEXTRIGHT DO TURN RIGHT 3 TIMES MOVE TURN RIGHT TOVE MOVE END 

REMEMBER Nf...TLEFT DO TORN LEFT 3 TIMES MOVE TURN LEFT HOVE MOVE END 

A field could be planted in che upper right pare of che screen by 

DO MOVE TO ROW ? TURN FIGHT TURN RtGHT DO KOVE TO COLUMN 65 FIELD 
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ally caused the program to abort, losing 
all the defined modules and all the farm 
development to that point. Actually the 
program worked quite well considering it 
was developed and implemented in three or 
four man-aays and consists of over 400 
lines of PASCAL code. (This accomplish- 
ment in itsislf is a credit to the value 
of top'-do\«r. design » structured program- 
ming! and PASCAL.) 

THE CQticyusion 

Tfie AH IF ARM program has demonstrated 
that it is possible to create tools with 
high laotivational value for children that 
contain ^11 the concepts of structured 
programming. Furthermore, the way this 
program is designed^ forces the children 
to use hierarchical or structured devel- 
opment to achieve their goals. Even in 
one session we were' beginning to see some 
of the children using structured develop- 
ment^ on their own. It seems reasonable 
to suggest that continued use of tools 
such as ANTFARM over an extended period 
of time could develop these concepts so 
well in children that they would continue 
to use top-down design and structured 
programming even with languages such as 
BASIC and FORTRAN which are not naturally 
oriented toward nhem. t7e hope that we 
will have the opportunity to continue to 
explore these Ideas and that others will 
have similar opportunities. We need 
long-term data on children using these 
tools to determine the effects on their 
future success in programming or computer 
science. 
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STRUCTURED GAHINGj PLAY AND WOKK IN HIGH SCHOOL COMPUTER SCIENCE 

J» H» Hoshfllf G» w* Amann 
(The University of Tennessee) 

E, Baird 
(west High School) 
Knoxvillei Tennessee 



PROLOGUE 

Question Ij Hhea is a computer. game not a 
game? When is it an ok class*activity? 
Question 23 So what's wrong with gameSi 
anyway? 

Exasperated answer to 2 3 

Students won't work on programs when they 

have access to games* Gaines are pjtn and 

programs are work * 

Reflective answer to 2; 

The usual computer games ara either 
hand-eye (with occasionally some small 
amount of hrain*) coordination contests, 
such as "Lunar Lander," or faiitasy^land, 
interactive do-it-yourself storybooks such 
as "Dungeons and Dragons »** These activi* 
ties take part in the allure of broadcast 
television] namely, they involve the 
student kinetically and emotionally^ but 
they do not have a cumulative component* 
You can walk in on television (or computer 
games like "J^ 0 N G" or "S P A C £ WAR") 
anytime; no prerequisities or logical- 
deductive skills are required* (For an 
excellent exploration of this theme^ see 
Postman^ 1979*) 

cannot call this kind of attention 
passive ~ observe any kid watching an 
action TV show or playing a video game* 
Nevertheless the interaction is non^ana- 
lytical* it has more in common with 
baseball than with reading, more of re^-. 
cess than of curriculum* No wonder 
teachers of computing have game trouble 
whenever interactive terminals or micros 
become available)* 

The problem this paper explores is 
the development of an introductory com^ 
puting curriculum built around a kind ojf 
struc^ijred gaming* The computing commu- 
nity has be^un to understand thit care- 
fully chosen programning language features 
can guide our thought in ways th^t make 
co<le work across time^ that is, remain 
adaptable^ comprehensible i repairable * 

TJiio VIC is partially m^ijorted by SSF (kant 
SED"79^4j:*91 



We propose that a similar choice of gaming 
features can foster the development of 
logical problem«solving skills^ while 
retaining the kinetic/esthetic motivational 
structure of video games* (we have all 
known programming hacks who have made the 
game/program connection*) We want to use 
jidcroocr^^Jtfir color graphics to nate ocnpiting 
more lik^ oolor crayons and less like 
arithnetic* 

Having said that much, we will answer 
Question 1 and then flesh out our answer 
with a description of the curriculum we 
are developing* 

Question l3 When is a computer game an ok 
class activity? 

Answeri 1) The game must be designed with 
a set of concepts and skills in 
mind and a plan for how the 
game teaches these; 

2) The things learned in the acti- 
vity must contribute toward a 
cumulative body of knowledge , 

a toolkit that the student can 
perceive and make use off as 
toys and toy^-making tools; and 

3) The game must hk} superseded by 
a Tftore interesting^ more inters 
active gamof chosen with extreme 
care to be unplayablt^ unless the 
student has mastered the skills 
taught in the previous lesson/ 
game* 

CHALLENGE 

Our mission^ in the University of 
Tennessee/N$^' High School Computer Science 
Curriculum Project CHSCS) * is to make com- 
puter skills available to average students* 
Computers may indeed become as ubiquitous 
as telephones and televisions « although we 
believe that the introduction of another 
technology as soporific^ captivating, and 
antl^thinking as television could be a 
major social disaster* hope, rather^ 
that computers will become convivial tools 
like the telephone^ "convivial" means that 
their use is determined by the user^ not 
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by some central least**coininon denominator 
such as broadcaster* We don't have Utopian 
ideas as to what future generations will 
do '^ith computers* (Kho could have pre- 
dicted in 1915 what problems we'd have with 
autoiAobiles?) We do, howeveri have a 
strong feeling that the question of 
whether individuals will be able to program 
their computers i or merely buy programs , is 
an open and in^rtant question* The chal- 
lengei theni is to give every citizen who 
can dial the telephone some ability to pro* 
gram a cc»iputer* 
HETHOD 

This section will be brieiTf we have 
published elsewhere (Aiken, Hughosi Itoshell 
1980) the nuttf and boltt^ description of 
BSCS* tfe are using a cartoon-animation 
software system called easCAL which runs 
as part of ucsd PASCAL on the APPLE 
microcomputer* The basic installation 
costs about $3200i including a single 
floppy diski color televisioni ana 100 
character-per**seoond printer* Each lesson 
in a one-semester (18 week) course consists 
of approximately a week of work, di'vided 
into these parts t 

Introductory activities 
Exploration project 
Skill'^building project 
Buttonlng^up activities* 
A class consists of about 15 students per 
computer (our collaborating schools have 
only one APPLE each; we hope to try the 
curriculum in multi** computer classes later) i 
Five groups of three students alternate 
computer use with planning work using 
graph paper and marker pens* The off-line 
students are planning their strategies, 
doing hand simulations and observing the 
on-line students, for to graduate to the 
next activityi a group must successfully 
predict the outcome of an assigned ^seed** 
(e*g*, geometric patterni algorithm, prc^ 
gram)* The activities develop during 18 
weeks from a non^linguistic, color-pattern 
process called '^quilting** (next section) , 
through immediate-mode and straights-line*^ 
code entry of TURTLEGRAPHICS (Papert,1970) 
commands and the introduction ot PASCAL 
control structures such as HEPEAT*** 
UNTIL and IF***TH£N, to the creation of 
cartoon characters and their animation 
with complex programs using the easCAL 
animation system* The output is always 
color gr^hics an^^ music; the curriculum 
steadily increases its interaction as 
students learn how to use the joystick 
to control motion* There is always an 
underlying lesson about how progriims 
work* AIj: code is in a oon^letely 
structured language (PASCAL) and is 
taught from the inside out* Only at later 
stages do environmental details such as 



declarations become ojf concern* A PASCAL 
interpreter is used which scrolls the 
source '-jgraro being executed on the bottom 
of the screen (at a controllable rate) 
while the program produces its output on 
the top part of the screen* A working 
syst^ will be on e>chibit at NECC2* 

We will conclude with fairly detailed 
explanation of the first two lessonsi 
quilting and TUR'TLEGRAPHICS* 
TWO EXAMPLE I^SSOMS 
Lesson It Quilting 

Behavioral Objectives t students should 
learn how to insert a disk and start the 
system* They will run the Quiit programi 
explore its features and limitSi and use 
it to generate *;tatic and moving colox 
patterns* 

Concept s t stu'ient^} will learn the follow- 
ing; 

1) hov to enter an initial pattern of 
information into the system which 
then controls the repetitive be- 
havior of the computer 
(in troduction Activities ) * 

2) how to construct sXmple~ experiments 
to determine the parameters of the 
computer's operatloni such as how 
many colors it has, how big the 
screen is ( EKgloration Projects ) * 

3) how to hand'simulate a formal prc^ 
cess of discrete steps to predict 
the computer's behavior and under- 
stand it( gkiill-buUainq Projects K 

Resources ; 

X) The Quilt j>rogram* students insert 
a disk and *turn on the computer* 
IVhen the greeting message appears, 
th;;v type X (execute)* the 
computer asks EXECUTE WHICH FILE? 
The student types QUILT and a re- 
turn* QUILT then prints the fol* 
lowing mestage; 

THIS PROGRAM LETS VOU DRAW A PIC-' 
TURE AHD THEN MAKE A 'QUILT' OF IT 
M REPEATING THE PATTERN* TO DRAW* 
SET PADDLE 0 FOR A COLORf 
TypE KEVS AROUND K TO MOVE THE DOT* 

FOR INSTANCE, 'I' MOVES THE DOT 

UPWARD* 

TYPE 'R' TO SEE THE PATTERN 
REPEATED* 

TYPE 'H' TO HALT THE REPEATING* 
TYPE 'C TO CLEAR THE SCREEN* 
TYPE 'Q' TO END THE PROGRAM* 
NOW HIT THE RETURN KEY TO BEGIN* 
IVhen the student hits the return 
key, the following reminder message 
remains on the bottom of the 
screen t 
REMINDERS t 

KEYS AROtJNDiMOVEtI«UP,J=LEFT,UoDIAG, 
ETC 

OJ^R R)n>ERT H)AUP IHE R^EftnNS 
Q)Urr THE WHOIB PRDQEffiM 
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The game paddle supplied with the 
APPLE computer consists of a knob 
controlling a computer input; the student 
turns it and observes that the dot in the 
center of the screen changes color* She 
types an experimentril sequence of 
keystrokes such as lllI ^nd observes that 
the dot moves and leaves a colored trail 
shaped like figure I* She thai tries typing It 
The ccnputer inmediately reproduces the pattern* 
starting wharo the cursor ^^Kis left «nd filling the 
screen with a periodic pattern* (Since the screen 
is wrapped, \jhen the cursor dot falls offscreen 
left, it returns on the rights and similarly fbr 
top-bottonj If you R)^)eat the above seed, you 
get Figure 2» 

2) Miscellaneous resources^ custcnHtade 
40x40 graph peiper, five or six sets of 
color crayons* 
Sequence of Etfents ; 

71ie first day of this lesson consists of 
introducing the program aid allowing students to 
p3ay with it £or a few mimttes eachi They are sent 
auay witli copies of a sheet o^ exploration pro*- 
jects to be undertaken the next These pro- 
jects are carefully ortorea fcy Increasing difficulty 
so that the first group on the Tiachine will have 
seme chance of suocessi while the second group will 
Iiave to do seme plannii^g t)efbre getting on the can- 
^ter Mhile the first group is working) in orter 
to succeed* Ite exploration projects are: 
Grou^ It iteM many colors ar^ there? 

Are they distinct, or are some repeated? 

Hdw are ^ going to he sure? 
Gro\p 2t can you paint vlth^bladci or is it li3ce 

the paintbru<di not toudiing the painting? 

How high and wide is the screen? Hdw 

imny colored blocks are there? 
GEotj^ 3t Hdw mny blocks (pixels) per second can 

this c cc n p uter draw? 
Gccup 4t Can finj a pattern (seed) v^h, when 

run, win fill the entire screen with one 

color? Vftat is the shortest ooe ym can 

finl? 

Groi]^ 5; Xjet^B say you were allcwad only seven 

ke^'strokes to make your seed* If I stuck 
a piece of tape on the* screen some«4ieioe, 
can you make a seed which will zap a line 
through narked spot? (It might go 
aroui^ several tiine^; that's ok.) 
The second and part of the third days are 
spent <jlving each work group (two or three studaits) 
ten minutes aooeiss time to the oonputer, vidle the 
other gto^is watch or plan* IfB teacher iroves 
about obeeorving, providing hintSi and shewing 
stxkaents hjw 1» pretend to be the ccnqputersusing 
grapii paper and crayoos* Ws turn the scarcity of 
oiv^juter aocesR to cur advanta^ here )by requiring 
tlbe students to he careful and precise in their 
hand'Sinulation of the repeot-process in order to 
predict ^t their ptiograms wiU do* 

During ti>e third day the teacher detennines 



which groups have covpleted their tasks and gives 
than the next ch^l^ige ^heett the skill-fauilding 
projects* Since the first groups got easy esqolor- 
ation projects (and finished earlier) , they are 
given tougher skill^^Duilding projects* Grot:^ 
that haven^t figured out their explorations hy the 
middle of the third d^^ are helped to f inj the 
answer and moved on* 

The object of skill-boilding exercises is to 
be ahle, to accurately predict \tat a given seed 
win do* parts ai'e given* m part I, eac^ 
groi^ is giv^ a dif fetrenrt: list of three or four 
seeds and asked to hand-similate the result and 
then to tiy it* When they can do this assignment 
correctly, the^' move to part II* Here, the work- 
sheet gives than the finished pattern^ and the^ are 
to find the seed that creates it* m this exer- 
cise, the game really becomes like a game* Moving 
patt^nns are possible, £or instance, if the seed 
goes back over itself in the background color before 
continuing* Again, because the students are having 
to hand*«Lnulate durincr their off machine time, 
skills are being built ^Aiile students are planning 
success* Ihe teacher niight only give very short 
machine access times during this phase, requiring 
that a filled-Qut crayon siitulation be poresented as 
a ticket to allrw its being tried on the ccnputer* 

cn the fifth dity the class is given over to a 
show^^anJ-tell, in which each groqp explains how it 
foun3 the answer to its exploration question and 
shows off the most interesting seed* Polaroid 
phctos or slides of each group^s best pattern are 
taken for use in the end^-course Parents' Day 
^Obit* 

Lesson 2t lURHH^tAFHICS 

Behavioral Objectives* Students will leem how to 
control tne s creen 6ctle via ii^ividual oomt^wds 
to the D UERP progran. Hiey will exploatre the fea- 
tures of fTORllsiStAPHICS and of tHOlEi a ntisic^output 
function* 

Ctenocpt st students wiU learn the followLngt 

1] the idea of using ocnmands that ai*e woords 
to get desired output* Ihey shxtld under* 
staid that oomnands consist of operators 
(verl>s) and opgands (nouns or adjectives) * 
2) the concepts ot experinent construction 
and hand"simulation (which are introduced 
by Lesson 1 and reinforced here) * 
Resoi^ces t 

J) ^InCRP, the PASCAL interpreter pcogram. 
iwnERP will be used throughout the course* 
m this lesson, the imnediate mode will be 
usedf as each cormand is entered it is 
executed* The conmands used this week 
(listed below in pay 1 Events) con tr ol the 
position of an im&ginary screen turtle 
which leaves a colored trail as it neves* 
A musiCMnaking ccmnand is also explored* 

2) Six anaU protractors^ 

3) Six pre-nadef but untnarkadi c ardbo a rd 
rul€r& long enough to rea^ diagonally 
across the W screen* 

Sequen ce of Eventst 

On {he rirst dai^t the teacher shows students 
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haw to start imBFP and enter the imnediate mode, 
then t^ypes the foUcwlng six linesi pausing after 
each while tha ^.lass otss^cvas the effectt 

FHLSCRE^ (BLACK) 

MGrUE(20) 
TUIW(50) 
MGrUE(20) 

Itttse oonmands are written on tha blackl>ar4* 
One more cccnnand is added, HaVEID(20,20), to be 
use^ if the line being drawn goes off tha screen* 
Stidentd are allowed two minutes each on the ogqw 
puter to try these ooninands. Tte concept of ocm- 
mands (operator, op^ands) is briefly explained* 

Pour didoovezy questions are then glv^ to the 
class I 

1) f4hat is the size of the screen? Where is 
the center? 

2) How many angles ajoe there? What do nega* 
tive angles do? 

3) Hownany colors are there? What are they? 
iftiat happens when various penoolors and 
background colors are used together? 

4) Try tte ccnmand li:>lE(nuidber, nuniber), Wteit 
does it do? f4hat is the effect changing 
the first mmber? ihe second nuidber? What 
are the legal ranges of_^adi miciber? 

Each group is given responsibility for one question* 
IVo groips get question 4. 

On the second day, work groups attesrpt to 
ansv^ their questions* 3hey are given a descrip- 
tion of the concept of shooting a dot, which they 
may try vten they have answered their questions* 
Cthey need those answers to shoot the dot*) 

lb shoot a dot, a piece of colored tape is 
stuck to the television* Ohe students try to pass 
a turtle track through the dot* Doing it with one 

and one WJE is a sckocessfuX shot* Obe teacjier 
will pxrdjde protractors and (blank) rulers and 
will suggest that stu3^tits make television .-ulers, 
but without telling them tm. 

After having denonslfiEki the ability to shoot 
a fixed d>t on the screen (beginning of Day 3), the 
tearo will graduate to production geometric figures 
of the £61lG«flng types — increasing in diff icultyt 

1) square 

2) rectangle 

3) isosceles right triangle 

4) equilateral triangle 

5) rectangle with diagonals 

6) trapezoid 

7) 5^1nt star 
B) Star of David 

9) "naked dandelion** (radial lines from a 

ocinnon point) 
10) a shcart name, in bloclc letters 

The first five designs above will be att«Tf>ted 
by the tcans on Day 3, with the first team to the 
teodnal get.ting design 1» the second team getting 
design 2 and working first at their desks with graph 
paper, protrictors and rulers, and so cn through all 
the teams* Qr> Day 4 or after they }me mastered all 
of the firf.t ifive design.i, tte teons will tadde 
designs 6*^10* Cn De^ 5, the class as individuaXf? 



vdU be given lURXIBGRRPHICS ^ocmnands to produce a 
design at about level S abcve and asked to draw the 
figure on grnaph paper as it would appear when drawn 
by TuramTOPHics. 

THB COOmT^ gm£ OP TOE HSCS CUflKCQJim 

At this point re^ecr may aSk, "toiy 6o you 
call these activities games at all? What have your 
lessons in oonmon idth Blackjadc or Lunar Land^?** 

Ohe fact that unifies Siting, lUHTLBIRftFHICS, 
and more traditional interactive games is that they 
sell thanselves* No one has to conpel students to 
do their assigiments* 

Hie point at \^iich our curriculm diverges 
frcm closed ganes is that the only real opponent in 
traditional gaones is a pseudo-random number gener- 
ator or perhaps another hunan* Ih a cognitive game 
the Ofponent is the rich structure ot our own 
ignorance, obe atcitonent of being able to create 
pattern and onier is as old as the wall paintings 
in the caves of C^ranoe* It is an essentially 
htman activity, one at yAdch all placers can win. 
It is also a ineta^;ane,' in which an infinite m^iiber 
of specific gapies like shoot^-the^Oot can be 
expressed^ Obe relationship between cognitive 
games and traditional games is analogous to that 
betwe^ a set of blodc3 and a preassembled toy« A 
different order of learning becomes possible* 
THE DginW gm£ Ofc* THE HSCS ojRtiiamuw 

1T>e fund^nentai design principTe we have fcl- 
lowed is to attetipt to make^each lesson auqpnnent the 
student^s skills in three areasr discovery, con- 
trol, and design* We allw students to play tdth 
the systan as each neM feature is introduced, but 
the*/ have disocwery questior*s vhoe^ answers they 
seek as they mass around in more or less structured 
ways* Hiey need to find the answers to be allowad 
access to the nsxt level of the system* Students 
develop disoovery skills by experimentally answer** 
ing questions liXe **\tet does this comnard do?** 

\^ ask students to undertake specific chal- 
lenge, such as the slrot*^the^t gaNG, to develop 
their ability to oontroi the cciiputer by selecting 
the correct ccriTiend ani providing correct values 
for its operands* iheir understaiding of the ^stan 
is built by smilation atercisesi which allow then 
to predict the behavior of a cacmand and thu£ to 
choose the right ccmrar^* 

Later in the semester, students will begin 
writing programsr but even at «jarly stages there is 
the ij!!petus to desiyi in^t sequences to produce 
the desired pattern* Students must be able to pro- 
duce a sequence of ccnmand which produces the pre- 
'iicted output on first dulmission in order to 
graduate to the next level of the systan* 

Jtother principle we have followed can be sm- 
med up in the phrase "design fron th& first experi- 
ence** Vfe believe that, ocnpiter science (or any- 
thing else) should be taught from the inside out« 
lhat is, first experiences imst fnoorporate the 
heart of the matter at hand, with as little extra*^ 
neous matter as possiMe* Tot instance. Opting 
teaches the fc::v3ament£d core of the conopiting 
Gxperiencor hi i^pntitionoi a controlled process 
there is gref^t pcMsr* Quilting lesson is taught 
without Introducing a worv^ of jargon, pi vious 
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assigments, or oonplec comnand sequences, Ouilt- 
ing, aid its fundamental message^ can be taught to 
illitamtas* liB second lesson similarly beaches 
the relationship betMaen operands, operators, and 
results. Only after students have firm operational 
skill with a given tcx>l, do ^ introiSuce termlnol** 
ogy, written reference itaterials, and the iiltimatel^ 
necessary envlrotmental details jwch as data 
declarations and control statements, 

This paper has addressed the iirportant ques^ 
tion of "Qx> V^is** microoonpiter education? Vte 
are estcited by the prosi?©ct of transfoming gaming, 
a traditional problem area for oon^ting teachers, 
intcj one of tfeir primary tools. 
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Games and the Computer 

Around the time when computers began 
appearing in classrooms and ceased being 
^ a novelty, the theory arose that the 
ideal way of teaching with a computer 
was to put instruction in the form of a 
game* Actually i this teaching method 
has been around for years; pioneers in 
the Dewey teaching method used many 
games in their curriculum, and a number 
o£ Montessori techniques also involve 
c;ames» 

Probably one reason the game idea so 
caught and held the attention of educa- 
tors with computers was the mania for 
computer games in general* Really bril- 
liant students (and instructors) spent 
an inordinate amount of time designing 
and programming new games. Other in* 
structors and students spent a huge 
amount of time playing these games* Why 
fight it? Design instruction to take 
advantage of the built-in motivation; 
there is a pool o£ course developers 
anxious to develop instruction (i.e»i 
games) and a large audience of enthusi- 
astic students (players)* 

* 

What Happened^ Expectations Denied 

With a few exceptionsi the results 
were notably disappointing* Problems 
arose on two fronts when games were made 
an integral part of computer-aided in- 
struction! 

The game quickly took over 
the instruction and freque4itly 
became more important than the 
content o£ the lesson* 

Language* oriented . subjects 
required a huge amount of pro- 
gramming effort to bend to an 



effective computer game. Human 
languages and thought processes 
simply are not easily trans- 
ferred to a computer i except on 
the simplest level * [Hote the 
word "easily" — there are bril** 
liant exceptions to the above 
statement.] 

The pendulum recently has appeared 
to swing in the opposite direction 3 
games are now anathema and viewed as a 
frivolous pastime at best. But this 
approach ignores that games are immense-^ 
ly popular and have a tremendous at-" 
traction for game players and designers 
both* This paper proposes to extract 
some of the good points about games and 
then apply them to real computer-aided 
instruction. 

Salvaging Valuable Parts 

What points are worth saving? what 
can games do that other methods of in- 
struction do not do as well? The obser- 
vable characteristics of computer games 
(and computer game players) are± 

A high level of motivation * 
Game players an3 designers 
spend hours working at the 
terminal * 

Clear and consistent goals * 
All true games have a clear 
ending in mind* How much in- 
struction becomes bogged down 
because o£ muddy goals and 
objectives? 

A high amount o£ player in* 
teraction. Game players are 
doing something] they are 
manipulating the terminal i the 
computer i and the game struc- 
ture itself* 
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MflXimmg choices for the play- 
er. Studies of children's toys 
IJave shown that the flashiest 
toy is not the one that is 
played with most often. The 
toy that gets the most atten- 
tion is the simplest one that 
allows the child to use imagi- 
nation. The mst popular games 
(on or off the computer) are 
those with the simplest cb;.* 
structs and widest range of 
choices* 

S implicity . How much in- 
str uction fails because the 
starting sequence for the stu- 
dent is too complex? Complex-* 
ity In itself is not the hor- 
ror — the problem is that no one 
bothers to explain all the de- 
tails to the user* Host good 
games come with very detailed 
instructions* (Uotei why does 
the programmer who balks at 
providing documentation churn 
out reams of instructions for 
the game he just designed?! 

Creativity * Hany of the as- 
pects of computer games — wheth^ 
er they are traditional or in^ 
' vented by the user — have highly 
creative parts* An axiom among 
game designers that is fre- 
quen tl y used to j us t i f y the ir 
interest in games is that some 
of -the mosl: highly creative 
ideas and programs are ^irst 
developed in a gv%'ne. 

Applied Gaming Principles 

How can the principles from games be 
applied to instruction? It turns out 
that the items that make games so ap- 
pealing are intertwined* and by incor* 
porating several facets of games into 
genuine instructiont several objectives 
can be achieved at once (e*g*t high mc- 
tivation* strong interest*, good inter- 
action) • 

The remainder of this paper is a 
checklist of items to look for in ^ny 
computer -'aided instruction* These are 
items which have been found to most re- 
liably increase the quality of computer 
instruction an^i it is hopedt' the skills 
of students taking the course* An lm<- 
portaut point about this list is that It 
Is not meant to be exhaustive^-- it is a 
start* Persons wanting to use the ques<- 
tiom as a checklist may also have their 
own principles and procedures to add to 
the list. 



Questions for the Developer 

IS the method of presentation con- 
sistent with the material ? The best 
computer games require player actions 
that fit the total concept of the game* 
Players move tokens by giving directions 
to the computer in a manner similar to 
picking up the piece by hand (for board 
games)* If the game is a thought-type 
game * the player makes decisions that 
are consistent with real-world decision 
methods* The computer in both instances 
is a referee i informing the player of 
the consequences of his actions* 

Poorly designed instructional games 
or simulations use methods of advancing 
players {students} that are not related 
to real actions* In a number of compu^^ 
ter board games* students race cars* 
horses* or other items around a track* 
But instructional racing games make the 
pieces move around the track by answer- 
ing questions* These games are not no- 
tably successful because the action is 
too slow and because races are not nor* 
mally run by answering questions* This 
design error occurs because the devel- 
oper has inferred that actions that game 
players enjoy in Jne setting must be 
good in all settin^ts* This mistake re- 
sults in a product that is neither good 
instruction nor a goo^ game* Lesson de* 
velopers can avoid this trap by chosing 
a presentation method without regard to 
the observed popular appeal of a method 
in a different setting* A natural* or 
consistent i presentation enhances the 
appeal of a lesson considerably* If the 
subject is math, the game should use ma- 
thematics naturally; not as a means of 
moving a token* The Minnesota Educa- 
tional Computer Consortium has developed 
economic models that allow children to 
run simulated businesses (lemonade 
standSi bicycle factories); both mathe- 
matics and economic fundamentals are 
taught through these games. English 
teachers can use word processors avail- 
able on most computers in their clat^ses* 
Students take naturally to word proces- 
sors--they enjoy seeing their work 
turned out in a professional format. 
There are many other examples— the key 
is to ensure that the presentation 
matches the material. 

Is there a large amount of pl ayer 
interaction ? Frequently the charge 
raised against television can also be 
raised against education: the student 
sits and absorbs the material passively* 
The lecture format certainly has its 
place i and brilliant and stimulating 
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lecturers are rare ind ividuals that 
should be sought after » But computer* 
aided education as a lecture or elec- 
tronic page-turning format usually does 
not rise to these heights — and is also a 
bad use of the medium* 

An examination of the most popular 
games shows a high amount of player Ln- 
teraction* This interaction Ls not sim- 
ply key-push ingi some of the popular 
games are also limited to single-key 
responses after lengthy actions by the 
computer (football , adventurei road- 
race) » But the player is constf'ntly 
thinking~decisions must be madei paths 
choseni strategies worked out» 

Againi an objection will be raised 
that the material in education cannot be 
adapted to such a lengthy decision- 
making format* But an examination of 
the actions that students take when 
studying shows several possibilities for 
increasing the student's participation: 

1* 'ath choice * When a stu* 
■ dent is studying away from the 
classroomi he at least has the 
option of choosing which page 
or chapter to start on* Why not 
include this choice in the com- 
puter session? 

2* Notgs* It is relatively 
simple to provide an electron*^ 
ic scratch pad-'^each student 
can be provided with a comment 
or note option during the les- 
son* At the end of the lesson^ 
the student can either store 
the notes or (if disk space is 
limited) take a printout of the 
notes away* 

3* Hore inquiry * This does 
not mean more questions* In- 
quiry can be a form of path- 
taking i Or an Invitation to 
speculation * The student 
chooses which subject to take 
first* Incidentally, this als^j 
answers the frequent question 
Of the correct order to study 
subtopics* The student can 
choose the topic and also skip 
from topic to topic if neces- 
sary* The same mater i al is 
eventually covered i but along 
paths that the student has cho- 
sen* 

Is the material creative ? One 
puzzling problem in computer-raided in- 
struction is that the same individuals 
that produce ho-hum instruction also are 
turning out brilliantly designed games< 
Obvioui^ly the same effort is not going 
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into botti projects. This problem Ls a 
managementi not a computer, problem* 
There can be several reasons for this 
dichotomy when Lt appears^ 

1* Freedom to experiment and 
make errors * If you insist on 
error-free and perfect instruc- 
tion from your developers, that 
is exactly what you' 11 get— 
with all the creativity and or- 
iginality of the Saturday-morn- 
ing cartoon shows* A perfect 
lesson is not necessarily a 
good lesson* In facti lessons 
that have incomplete sections 
may even be more useful i since 
the student must fill in the 
missing portions* 

2* Appropriate comments at 
appropriate times * KTbitzers 
seem to abound in educational 
development areas* The discus- 
sion of approaches and critical 
- analysis of lessons under dev- 
elopment is an important part 
of the creative procesSi but 
there are many cases where a 
promising bit of instruction 
has been discarded because 
construct ive criticism was 
heaped upon the material — be- 
fore it was developed and be- 
fore advice was requested* 
While a developer is writing a 
game as a hobbyi no one is 
leaning over his shoulder* 
Leave the developers alone 
until there is something to 
criticize other than a first 
draft* 

3 * Responsibility * Managers 
frequently lack confidence in 
the persons working under themi 
and hope to avoid errors by 
giving very detailed instruc- 
tions to the developers. If a 
developer is presented with a 
cut-and-dried package^ there is 
little room for a new and crea- 
tive approach* For someone to 
become truly involved with a 
project^ she must feel that the 
project is at least partly 
hersi and must have some in- 
volvement with planning* And 
responsibility extends down to 
some very low levels* In a 
language arts project in Nor- 
folki Virginiai the computer 
operators were employed to 
enter some of the questiojns 
students would be given* They 
were asked to use their imagin- 
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ations when entering the praise 
response students would receive 
on correct answers* The re^^ 
suits were a aeries of gues'^ 
tions with highly original re-* 
sponses that the students could 
relate to* The operators also 
took a personal interest in the 
development of the course # and 
frequently monitored student 

fr ogress and asked to change 
essons that were not popular. 

Is everyone using the material en* 
thusiastic ? Here is another factor that 
is a function of the people involved and 
not the computer* 'You HILL be enthusi- 
dstict* is obviously an unworkable atp^ 
proach (but one which is sometimes 
triedt]* But if everyone involved with 
the development of a particular piece of 
instruction finds it tedious and diffi-^ 
cult to work withf then perhaps the en-^ 
tire instruction set should be looked 
at* If persons who are working in their 
subject area find the topic boringi then 
what about the students? What is needed 
is either a fresh and creative approach 
(see above) or a different topic* If a 
subject is completely boringi then its 
value is open to question* Tepid topics 
usually result if the individuals can 
see no value in them whatsoever* 

BnthusiasAi once engendered i tends 
to be catching « Enthusiasm icost fre^ 
guently stems from freedosn and responsi-* 
bill ty*'' two subjects discussed under 
creativity and maximum choiceSi above* 
Freedom and responsibility extend to all 
level SI supervisors r developers^ tea** 
Cher s r and students * Teacher s and ad- 
ministrators tend to be wary of allowing 
students to take part in th« teaching 
procesSr and for good reasoni student 
freedom is difficult to manage and con* 
trot* Heal participation in their own 
education is also a novel idea for most 
students; they have been passive consum* 
ers of instruction for so long that they 
may not be able to handle such a respon-- 
sibility without careful pre-training* 
But the results can be spectacular* 

Here are some areas in the instruc-* 
tional process where personnel at all 
levelf; can directly participate; 

1* Level of instruction * Too 
hard? Too easy? Should it be 
presented to a different grade 
level or in a different subject 
area? 



2* Method of presentation * Is 
the format (guestion and ans-* 
weri screen display^ essay and 
choice) appropriate for the 
subject? 

3* Effectiveness * Does the 
content of the lesson stay with 
the student? 

4* Correctness * is the con- 
tent free of grammar t syntax t 
spelling and content errors? 
(Here is an area where younger 
students delight in showing 
off* If you choose to release 
them On this one, prepare for 
an avalanche*] 

5* Additional lessons * What 
other material should be added 
or changed? 

6* Design of instruction it- 
self * Developers can work with 
older studentsr or students who 
have just completed the course^ 
to redesign and evaluate the 
instruction * 

Is the course si mple and direct? 
One fault of some of "be " innovative 
courses is that they tend to be immense-* 
ly complex* Hhile at some time in the 
future humans may learn to think recur^^ 
sively and in complex algorithmic pat- 
terns analogous to the machines they 
usef presently people still think in the 
same old way* Presenting highly complex 
study structures^ mapsr objective 
fieldSr and learning paths can set up a 
forest that guickly discourages even the 
most determined students* 

If the structure is too complex # 
there are three solutions; 

1* Check th^ presentation * In 
complex structures^ a simpler 
direct path can freguently be 
found in the mat:erial* 

2* Turn routing over to the 
studentT If given a list of 
topics and objectives^ the stu- 
dents can make their own 
choices of what to study firsts 
and when* 

3* Hide some of the complex- 
ity . Gome o£ the structure may 
be due to the enthusiasm of the 
developers for marvelous struc^ 
ture* A lot of the design can 
be safely hidden by having the 
computer do the routing work* 

Great advances have been made in the 
use of computers in classrooms in the 
past few years r and the pace of develop*- 
ment and discovery increases with each 
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new application* The procedures dis'- 
cussed In this paper are a starting 
point for developing better computer-- 
aided instruction* The key to success-- 
ful computer-aided instruction ^ as in 
any other forn of instruction ^ is the 
people involved in the project* There 
Is no substitute for a creative^ dynaio'- 
iCf and highly qualified individual in 
the right position at the right time* 
Fortunately^ these persons appear to be 
available because computer-aided in- 
struction has nade great gains in recent 
years* The continuing analysis of what 
constitutes good technique in the use 
coidputers will continue this trend* 
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A&5TAACT 

The growing Importance of ooaputera In aedl- 
cine lapllea that heelth profeaalonala lacking ru- 
dlnentery ltnowle4ge of their potentlel uae will be 
handlcepped In tbe fiiture, In thl« piper dla- 
ouaa the content and IspleAentatlon of e currlculua 
In oedloal ^covputlng that wc have Introduced at our 
■edlcal school to remedy thla problen, In addition 
to forMal claaarooA Instruction our program In* 
eludes auch Innovative features aa a dtoonatratlon 
liboratonf for exhibiting oooputer applloatlone In 
oedlolnef the use of a faally of knowledge unrge* 
fienV languages that are designed for cooputer* 
Inexperienced clinicians* and the Involveaent of 
Interested Individuals In ongoing research In com* 
puter applications In «edlclne» Our description of 
this curriculum and Its laplettentatlon should be of 
Intereat to anyone Involved In teeohlng oo«putor* 
lnext>erlenced Individuals aJ>out the potential uses 
of cinAputers* 

IHTAOOUCTIOtl 

In recent years the role of computere In sedl* 
cal education has been receiving e great deal of 
attention* The vast majority of this Interest hes 
centered on computer*elded Inetructlon-for a wide 
range of ollnlci^ and prc*ollnlcal topics (3* 4> 8* 
9t 14)* At the present time many medical schools 
use such automated Inatruotlonal material to 
supplement conventional teeohlng methods* 

In this artlolef hovever« ne will discuss a 
oomplementary aspect of computers In medloal aduca- 
tlcni Introducing medloal students » praotlolng 
physicians^ and other heeltH-related personnel to 
the epplioetlone of comi^utere in medlolne, BduoaU 
Ing individuals In the health professions about 



medical computing has recently been alngled out as 
an erea of great Importence that deserves more at<- 
tontlon than It hee received (7» 12« 1$]* Very 
little literature has addressed this gojl and there 
has been no clear oonaeneua about which aapects of 
computer solenoe should be taught to medical stu- 
dents and physicians* How this material should be 
taught and how It should be Introduced Into an 
already lnformatlon<denae medical education proceas 
heve been given little If any ettentlon* 

It Is our belief thet the growing Influence of 
computers on medical oere makes some familiarity 
with their uses and potential Important to health 
professlonale* ife have thus dealgned and Imple- 
mented a program to supplement conventional medical 
education with Instruction on aedlcal computing* 
This program has two aajor objectives: 

U) to provide heelth professionals with a broad 
underetendlng of current and potential uaea 
of computers in medloal research and clinical 
practice; and 

<2} to give health professionals the ability to 
directly use available computer reecurces for 
solving clinical and research prcbl^a* 

In thle report we begin by out) ..Ing the con* 
tent of a curriculum on computer appllcetluns In 
blomedlolne that ne believe aohlevee these objeo* 
tlvea* tfa then dlsouse how we heve approached the 
implementetlon of thle program at our Institution 
and tha response It has gaaereted Uktm$ medical 
students and faculty aembers* Flnelly, our experi- 
ences are reviewed In the context of other recent 
endeavors In this .area* 
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A HEDlCAt COHPUTING PAOCftAM 

Th6 content of our Hedioal CMputlfiE program 
rtfleotd our feelings about ^at toplos ar« our- 
f«ntl]r Iflportant or >flii becoflie ao In the future* 
Our oholo« 9f topioe la baaed largely on «edloal 
CMputlng sjrateaa that are preaentljr used and a re* 
vltu of reoent llteretur^ on biomedical oottputing 
research* Our eaphaaia la on the use of the com* 
puter aa a tool to aocoapllah varlou* taaka rather 
than the nindanental oonoepta of oooputer aolenoe* 
the Mterlal In our prograai oan oonvenlently be di- 
vided Into five aeotlona: 

fl General Conoepta 

0 Scientiflo and Laboratory Applloatlona 

0 Clinical Applloatlona 

0 Educational Applications 

0 Adalniatratlve Applicatlona 

The eeotlon on general oonoepta ia tailored to 

looreaae student atiarenesa of the oap^llltles of 

ooMputere and to provide thes tilth the fUnduiental 

kncvledge needed to use a oo«puter» it Inciudeat 

0 gssentlala of interactive Computing: In ord* 
er to encourage atudenta to becoie computer 
uaera, ut begin by explaining the mysteries 
of account nunbera and pasavorde, the teob* 
nlques for signing on and off^ the Idiosyn- 
craalee of ualng oertaln tersinale, the ttar- 
v«la of the executive systea^ and how to save 
daU and/or progrstte In retrievable files* 
(Batch processing of programs la discussed 
but not uaed by students*) 

U Pociaient Processing and Text Editing: Theae 
systttta are easy to learn and laoedlately 
useful to the students* Their ustery facil* 
Itates the learning and uae of other computer 
resources* 

Q General inforaatlon Processing: Programing 
languages for Information prooesslr^ and for 
general problem- solving are surveyed* Gulde-^ 
lines are presented for selecting an appro- 
priate language for various tasks* 

0 An Overview of Applloatlona: An Initial 
overview of tha range of eolentlflOt labora* 
tory^ clinical t and educational applloatlona 
of computers In medicine la given* This In- 
cludes dlaousslon of local working systems 
such ia a whole-body CAT aoanner; a oranlal 
CAT seamier; two nuclear sotnners} computer* 
Uad baalo aolenoe reaearoh laboratorlea; the 
03-2 ayatem for icv patient data ooiieotlon^ 
atoraget and monitoring (at tha lliryland 
Xnatltttte for fiiergeDoy Hedlcal $ervloes}; a 
partially Implemented PflOKI3 aystem (17) (at 
the fitltlmora Cancer Reaearoh Center!; and 
tbe Stroke Database center (located adjaoent 
to tbe Heuroicgy Hard^ this unit serves as an 
entry point to the multicenter Matlonel 
9trol» Dfttabase (n»* 
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0 Social and teg&l Issues: A discussion of the 
present and future effects of coaputcra on 
the practice of medicine la given ana in- 
cludes material on ethical Issues^ standard'^ 
Izatlon, and the economics of medical comput- 
ing* The Privacy Act of 197*1 (Pi 93-579), 
the Federal Brooks Bill (Pi 69^306), and fed* 
eral Information processing standards are 
examined* 

The section on scientific and laboratory ap^ 
plications contains the following material: 

0 fteal-Tlme Instrumentation: Configurations of 
micro processor a and minicomputers for data 
acquisition ranging from stand-alone dedi- 
cated facilities to hierarchical computer 
networks are discussed* Techniques for col* 
lectins and communicating data to the oomput- 
er are stressed. 

0 Graphics: The use of terminals with graphics 
capabllltlea and plotting systems ia ex- 
plored* Their ability to extend the effec- 
tive use of computer resources by improving 
the presentation of certain types of Informs-^ 
tlon Is covered* The plotting of results 
from the digital simulation of a biophysical 
system Is used ae an example of the supper* 
tlve role of graphics* 

0 image Processing: The role of computers In 
various clinical scanning systems (e*g*t CATt 
nuclear) le discussed* Attention Is given to 
the future., potential of image analysis In the 
laboratory (e*g*t chromosome analyals^ cell 
counting) * 

fl Statistical Analysis of Data: The basic con- 
cepts of data analysis are Introduced and 
available packages for statistical processing 
of data are described (e*g*t SPSS* WP)* 
Example applications such as epidemiologic 
data analysis are provided* 

The section on cllnlcsl applications covers 
toplos dealing with the use of computers in patient 
care end clinical research Including: 

0 The User-Computer interface: The use of com- 
puters for obtaining a patient's history and 
the problems of making computer facilities 
directly usable by physicians are explored* 
A brief Introduction to natural language 
procssslng by machine i« provided* 

D Medical Information Systemsi This Includes 
the use of registries* data basest and hcspl* 
tai Information systems for storing and re* 
trlevlng medical records for use In patient 
oara and clinical reaearoh* Aai»ects of ae-^ 
curlty and Integrity are examined In detail* 
The concept of a query language la Introduced 
and currently available systetts are reviewed 
(€*g*t COSTARt PROHISt AltAHlS}* 
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0 Computer* As si died Medioal D«olalon-MaklngE 
Tne potential uses of co«puterd for asalatlng 
phyAlclans tilth dlagnoala and patient manage**^ 
Kent ara dl9cuaaad» Concepts or knowledge 
r« presentation and alternative Inl'erenoa 
methods i^*g*t statistical pattern classiri-^ 
catlont productJoD rule systems, cognitive 
nodola) are covered* 

The deotlon on educational applications covers 
fiaterlsl relating to any aspect of the health pro-* 
fesslonal's training* it Includes; 

0 Computer* Aided Inatructloni The available 
sydtcfls for cootputer^alded Instruction (e»g*, 
PLATO» AS£T» NED) are reviewed and Inforoa* 
tlon on hov to author suitable lesaons la 
presented* 

0 Education In Medical Cooputing; The attl-* 
tudes or health proresslonals toward using 
the computer for medical applications are 
explored* The concept of a curriculum on 
medical computing and a survey of existing or 
proposed programs are presented* 

A fteferenoe Systems^ Computerised literature 
searohes (e»g»t HEDLlNE) and mere advanced 
medical knowledge bases are described* 

The section on adnlr/stratlve applications 
surveys the use of oottpttters In hospitals and phy<* 
siclan offloes for schedullns* accounting^ analysis 
or polloy^related Issues^ and other related tasks* 

CUKKICULUH lMPUmE»TAtm 

Currently we have Implemented formal course* 
work that encompasses most of the material outlined 
sbove» This ooursevoiic began with only a single 
one^^oredlt mlnlmester course that covered esaen* 
tlally all of the material Hated above at a fairly 
auperflolal level* have recently added a second 
one*credlt mlnlmester course and divided the ma^ 
terlal batwaen the two courses permitting it to be 
presented In greater d{)pth» Although both courses 
begin by'fa^liarUlng students with the essential 
elements of interactive oomputingt ara largely 
Cdmpltoentary in what they cover* One course ad-, 
dresaea genoral ccnceptst scientific and latwratory 
appllcatlonat educational sppllcatlcnst and ad- 
ministrative applications* The other course con* 
centratea on clinical applications* Both courses 
mre offered twice a year and are taught In a ooor- 
dinated fashion* Studenta are permitted and en* 
courag«d to take both ccuraea* 

Since biomedical computing has not been gener^ 
ally recognised as part of the madl^jal currlcultfi, 
our approach has betn to gradually introduce this 
matarlal Into the medioal sohool program* M< fe«l 
that tha development and evolution of our program 
has profited from an Incremental Implementation* 
Tue gradually inoremaing amount of coursework ap- 
proprlmtely ptrallals the amount of computer use by 



the medical cciomunlty* 

To maximize the student's experience^ we nave 
adopted a teaching approach that uses several 
different Instructional methods* Much of the ma- 
terial Is presented as formal lectures that are 
complemented by related reading assignments from 
the current literature* The use of lectures and 
reading assignments allows us to cover the wide 
range of concepts outlined above In the brief time 
available* However^ to give medical-students a 
more Intimate acQualntance with the Impact of the 
computer on health care and medical researoh^ we 
have supplemented the traditional teaching approach 
In three waya» 

Flrstt students are made cognisant of the di- 
versity of appllcatlona through tours to on-campus 
facilities where dedicated computers ar« In active 
use (the sites are listed above under *'An Overview 
of Applloatlons**)» These visits effectively empha* 
size ttie present role of computers In the health 
professions and contribute to student motivation to 
learn more about biomedical computing* 

Tne second way we are supplementing clasaroom 
teaching Is through the development of a laboratory 
for the demonatratlon of applications of computera 
to specific research and to clinical and education* 
al problems that are not curr'-ntly In day<-to^day 
use at our hospital » CKQ analysis (currently being 
Implemented) is espeolally suitable tor demonstrat* 
ing the major components of laboratory computingi 
data acquisition (analog*digltal signal process^* 
Ing), feature extraction (fUwave recognition^ QRST 
clasalficatlon^ power apactrum analysis) , and 
declslon-making (presence or absence of myocardial 
Infarction)* Several computer*alded declalon* 
making ayatems are oomplste (e*g»t diagnosis of 
thyroid disorders and stroke; Prediction of outcome 
following cardiac arrest) and are used to lllua- 
trate the current level of state-of-the-art asdlcal 
decision support systems* Fsedback from medical 
studenta and physicians la useful for guiding the 
development of the experimental systems that are 
being demonstrated » 

The third aapect of our instructional apprcact 
Involves hands-on experience using the computer fa- 
cilities at our university* In one of the mini-, 
nestsr courses studenta are exPscted to use the 
Document Processing System to prepare a critique of 
a current Journal artlole of their choice* The 
students are also given projects Involving digital 
simulation^ computer graphics^ general problem 
aolvlngt and using statistical packages* In the 
other course that covsrs mainly clinical appllca- 
tlona, studsnts are asksd to develop two small 
oomputar-alded deolalon-maklng systems using a fs»^ 
lly of knowledge management languages deslgnsd for 
use by oomputar-^lnexparlenced Individuals (15)* 
The systems supporting thsse languages provide a 
oomplsts oomputer-alded decision-making system whsn 
given a description of the problem to be solved and 
tha relevant knowladge needed to solv« It* By us-^ 
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Ing the oo«put«r for these projtotd students are 
able to learn directly otout the oapabllltlea and 
llaltatlons of the cooputar for aealating theo vlth 
a vlda range of taaka* 

At the present time oar elective Alnloeeter 
cooraee are reaching about 5 - 10^ of the freshnsn 
and aophottore ola&aea* Students taklhg these 
coorses have a wide r«nge^of cc«putltv backgroundSt 
varying froa essentially no previous computer 
science to an ocoaalonal student with an undergrade 
uate degree in a related field <e*g* blooiedloal 
engli^eering) , The variety of Ihstructlonal ap- 
prosohes used has been fairly successful In aaking 
the material preeented understandable to computer, 
inexperienced students* At the same time the broad 
scope of the material has provided a challenge to 
even the most advanced students* Student evalua. 
t'lons of the courses Implemented so far hsve been 
essentially positive;, other faculty members snd 
university administrators have begun to take an 
Interest in the program* 

DISCUSSION 

Previously proposed or Implemented programs 
for education In medical computing fall primarily 
Into two categories* Firsts and moat commoni are 
those repreaenting complete curricula that consist 
of Interdisciplinary studies In medicine and com- 
puter science* These curricula are dealgned to 
produce Individuals who are specialists in blomedl* 
cal computing and thua typically lead to graduate 
degrees* Several examples of auch curricula have 
been described (1, 6t 13| 19) and a recent review 
of relevant programs In the Federal Bepubllo of 
Cermany baa addressed this issue (10)* 

The second category of educational programs in 
medical computing include those ocnglating of only 
a single course designed to supplement the educa- 
tion of health prcfeaslonala it*g*t nuraee^ pharma- 
cists)* For the most pert^ tbeae courses have ccv^ 
ered e very limited renge of topics (2| 5f 16)* 

The medical computing ourrlculum that we hava 
described ih this report Ilea in between the two 
different oetegorlea outlined above* On the one 
handt It la designed to aupplsaent the traditional 
educatlo^l experience of medical students and oth* 
er health profesalonale slmillar to the single 
oourae pfofraae* On the other Handt it consists of 
more than a aingle course and covers a wider range 
of topice* The depth to which these topics are 
covered is gradually inoressing ea the available 
ccuraework increases* 

In this report we have attempted tc describe 
not only what the content of a medical computing 
curriculum ^uld be^ but also how it might he 
implmc^nted within the constraints of the tradl* 
tlontl medical achool experience* In partloulari 
we have presented our belief ih the need for an 
incrementel Implementation and an argument for 
auppXementlng coftventlonal lecture maurial with 



hands-on computer experience ^ vlalts to relevant 
facllltlest and the uae of a demonstration 
laboratory* 

Our present plan Is to continue the evolution 
of our mlnlmester elective program through addi. 
tlonal courses and by instituting a more formal 
evaluation of their success* The demonstration 
laboratory needs further work; we need to develop 
and acquire additional software and hardware » 
Long-range goals Include the establishment of medi- 
cal student extemshlps In advanced topics In medi- 
cal comptaingf Integration of at least some form of 
required Instruction on biomedical computer appli- 
cations Into the standard medical ourriculumi and 
the creation of a continuing medical education 
course to reach practicing physicians* 

AeimoMigdgMgflta a ^e thank the Departments of 
Diagnostic Badlolcgyi Pharmacology and Experimental 
Therapeutical and Kadlatlon Theraojrt the Haryland 
Institute for jiergency Hedlcal Services^ and the 
Stroke Databank for graciously accomodating our 
claas tours of their facilities* Computer time for 
this project was supported in full by the Computer 
Science ^Center of the University of Karyland* Dr* 
Feggla gratefully ackijorfledgea aupport for this 
work from an HIH Teacher- Investigator Development 
Award <5 It07 HS 003^8}* 
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sySTBKS THIMKIliG !» EDUCATIOH 



For <)uite some timei the influence 
of science on nociety and education has 
be«n primarily reductionist, seeking to 
understand phenomena by detailed study 
of smaller and smaller parts, over** 
emphasis in this direction had led to A 
separation of allied sciences IJke physics 
and chemistry. "Learning more and mora 
about less And less* (Odumj p»9), as one 
critic described reductionism^ has taken 
place vith almost the complete absence 
of a movement in the opposite direction 
to integrate knowledge » Education tends 
to follov the pattern of parts within 
parts » Knowledge is divided into die** 
ciplinesi and disciplines ere further 
divided into subjects » The student is 
seldom exposed to msterials which seek to^ 
integrate the various disciplines and 
eubjecta • 

Education ac well as the everyday 
world of social and economic analysis has 
a preaaing need for synthesis and holism* 
The systems spproach seeks to understand 
bow psrts fit together to form a whole 
that ftinctions for ft common purpose* It 
is in the world sround us that most 
students will be making decisions for the 
rest of their lives. Explicitly under^ 
standing the ;ijiture of thess systems 
from a atructural and a behavioral point 
of view constitutes ft most relevant and 
useful education* 

THE APPHOACHi sygTliK PyHAMlCS 

System dynQmioa is a method for under* 
atanding and laaiiaging complete socisl systems* 
It is built on trsditional mansgement (inform 
mstionr experience^ end judgment) snd feed- 
bsck theory or cybernetics (principles of 



structure and selection of information) * 
Mathematical models of varying dagreee of 
complexity are built to reflect the eystem 
out of which s problem grows* Computer 
simialation is used because behavior implio** 
it in the structure of complex systsms is 
too involved to be solved by direct math- 
ematical methods. Kodel building and com** 
puter eimuletion is thsrefors an integral N 
part of the eystem dynamics problam-^eolving 
approach * 

system dynamics starts from the prso** 
tical world of observation and experience. 
It does not begin with abatract theory nor 
is it restricted to the limited informetion 
available in numerical form. Inatead it 
uses the descriptive knowledge of the opor** 
ating arena about structurSfr along vith 
avsiiable experience about decision, msking^ 
Su<:h inputs are augmented where possible by 
wrxtten descript ion r theoryi and numericel 
data. Feedback principlea are used to 
select and filter the information that givae 
the etructure end numerical valuee * 

System dynamica was Istinched in 1961 
when Professor Jny H, Forrester of HIT pub** 
lished his book Industrisl Dynsmict* * As l^he 
field of system dynamics broadened in its 
spplicationsr it also brosdensd in its 
student audianoe* Initially taught as a 
graduate level course at KiTr it has sprsad 
to the undergraduate curriculum in meny 
univereitiee * In 1975^ ae e dissertstion 
project^ Roberts introduced the baaic oon** 
capte to fifth and sixth grade students 
tl97d)« The svidsnoe thst fifth snd sixth 
grade students could understsnd snd spply 
these basic concepts Isd to ths developmsnt 
of the current secondary level curriculum 
project being funded by the Office of 
Educetion* The project is baaed at Lesley 



ERJC 



294 



282 NECC 1960 



college Graduate School of E^ucatlon^ 
caMbrldgtt t HaasachUftCtts t under the 
direction of Kancy Roberta « 

A SBCOWDARY LEVEL CORRICUI^UH IH SY6TgH 
DYHAHICS 

The current curriculum davelopnent 
group la nrltlng and pilot testing a set 
of six self-teachlngf Introductory learning 
packages^ This material will «aka It poasi 
ble for a teacher in any diaclplina to 
introduce model building and computer 
aimulation aa & pi^blem-^solving mathod^ 

The titles of tha six laarning 
packages arai 

Basic concaptsj Dynamic 
Problems^ Systems and Models 
. II4 Structure of Feedback Systems 
XII4 Graphing and Analysing the 

Bahavior of Feedback Systems 
IV. Understanding Dynamic Problems 
V* Introduction to Simulation 
VI4 Formulating and Analysing 
Simulation Hodela 
An overview of the content of each 
learning package, follows^ 

1 4 Basic conceptaa Dynamic Problems ^ 
Systems* and Models 

Embarking on a course of study in 
system dynamics, stu^tents need to under? 
stand the basic concepts that underlie 
the field* Three concepts are centralf 
the focus is on dynamic problemsr the 
intent is to consider the whole system 
of interacting parts from which a problem 
arisear and models are explicitly employed 
to carry out the analyses^ Each of these 
concepts is explored briefly In learning 
package^ I to provide a foundation for the 
study of feedback systems which follows* 

A problem is dynamic if It changes 
over time, Urban crime rates t tor example f 
riser the economy cycles^ as do pendulums 
and people's feelings of depression and 
elation r central city populations daol ine f 
and ao do reserves of natural resources; 

A system is defined as a collection 
of parte operating together for a common 
purpose^ but the concept is sometimes 
better left undefined to be inferred from 
examples* The notion should connote 
complexity^ but it should also suggest 
a wholeness of perspective and the 'feeling 
that the whole is greater than the sum of 
its parts* 

A model is a representation^**usually 
a simplif icetion-^of aoma alice of reality* 
pictures f verbal descriptions f grapha^ seta 
of equations^ and lawa are models* Thinks 
ing can be characterixed as the Jianipula** 
tion of mental models r the real system is 
never in one's head* Such a concept «ay 
seem too generalized to be useful ^ but 
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realising the central role models play in 
our thinking {especially in the scientific 
method) allows asking the proper quetttion-* 
not whether to develop a model, but what 
kind of model ia most helpful for a ^iven 
purpose * 

System dynamics helps us to under^ 
stand problems arising in dynamic aystems, 
first by making our mental models explicit, 
second by in:!orporating into them feedback 
relationships (learning packages 11, III, 
and IV of the curriculum), and third by 
providing means for developing them into 
unambiguous mathematical models {learning 
packages V and VI) when the complexities 
become too great for mental models to 
handle * 

II* Stucture of Feedback Systems 

This part of the sequence introduces 
a way of thinking holistically abovt 
cause and effect* The principal tool 
employed to analyse a system is the causalt^ 
loop 4i .agram* cauee-and**ef feet relation** 
ships are symbolised with arrows, forming 
chains of causal links* Loo^s result when 
some or all of these chaina return to 
their starting points* Thes« loops of 
causal influences are called feedback 
loopsr they are the central focus and 
foundation of system dynamics* 

causal^loop diagrams are visual 
models of feedback systems* In this part 
of the curriculum they are used in a gener** 
ally deacriptive way to summarize the com-* 
plex intaractions In a variety of stories, 
problems, and systems with which the stu** 
dent is faniliar. The following is one of 
the stories from this learning package 
followed by the possible causalrloop dia^ 
grams that atudents might develop* 
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Ontt ftspect of the oil crisisr as 
explained by an econoniat^ trae the starting 
of a vioioue circle* This vicious circle 
was begun by agreements made by the Arab 
oil^'producing countries in I97I called the 
Taheran and Tripoli Agreements tnaned for 
the cities in which the meetings were held)^ 
Here these countries agreed to raise the 
price of oiI» The rise in oil prices 
Aeant that these countries made mor« money* 
They made so auch more money that they 
could not possibly spend it all» Beal* 
izing thisf these countries decided not to 
produce as much oiI» They knew that even^i 
tually their oil supplies would run out so 
they might as well make the^ last as long 
ex possible* 

Because there was less oil being 
produced in the world and more oil was 
needed every dayi a scarcity developed* 
This scarcity of oil forced the oil prices 
to go up even higher i continuing the 
vicious circle* 

The following causalnloop diagram 
explaiti^'^ke economist 's vicious circle 
theory* 



Oil P:roduced 



Price of Oil 



^M>rofits<^r> 
Figure I* The Vicious circle 

In causal^'Ioop diagramming « as in 
Buiti plica tiuAf two negative elements 
cancel each other out^ creating a positive 
feedback effect* 

The diagram below expands on the 
infojcoation given in this story and might 
result from a class diaoussion* 




Amount of 
Oil Left 
In Gjcound 



Prioe'^ of Used by 
ers 



Figure 2* The Oil crisis 

The principel skills the students will 
develop in learning package ZZ are the 
ability to represent the essential in-' 
fluenoes in a problem or system as e 
causel-'loop model and the habit of seerohn 
i&g for feedback influences which close 
ceusml loops, zf students complete this 
pert of the curriculum but do not oon^ 
tinue on in the sequencei they yill 
heve geined a powerful tool for underri 
stending oompliceted intereotionsi but 
they will heve only begun to undsrstand 



the connection between feedback loops and 
dynamic behavior. 

ZZZ* Graphing and Analysing the Behavior 

of Feedback System s 

Dynamic behavior of variables in 
systems is the focus of this learning pack" 
age* The purpose is to understand how the 
structure of feedback loops ie responsible 
for the behavior of variables in the system 
over time. Graphs are introduced and used 
intuitively^ often without specifying 
nu&erioal scales. The s haj ^e of the graph 
of a variable over time is the concern. 

Behavioral characteristics of positive 
feedback loops and negative feedback loops 
are explored in simple situations and then 
exploited to analyse more complex multiple** 
loop structures* Positive loops are shown ^ 
to be responsible for uncontrollsd behavior 
such as exponential growthi while negative 
loops are shown to produce goalrsaeking 
behaviori though often with disturbing 
fluctuations and cycles. $**shaped growth 
in several apparently different systems is 
shown to occur when a quantity is irifluenced 
first by a Positive loop and then by a neg** 
ative loop; a shift froi* dominance by the 
positive loop to dominance by the negative 
loop produces behavior which looks initially 
like unrestrained exponential growth but 
then becomes goalf!>seeking. An important 
principle will appear as different systems 
are explored; systems with the same feed-* 
back structure tend to beheve the same over 
timei in the sense that the shapes of their 
graphs over time are essentially the same* 

The role of delays in goalcseeking 
systoles is eirplored intuitively* Students 
will becojie fasiiliar with the principle 
that delays can cause a variable to oscil-" 
late around its goal* 

The approach in this part of the 
curriculum is essentially non^quantitative i 
except that some quantitittive graphing wJLll 
be done to provide the tools required to 
graph intuitively the behavior in causal" 
loop diagrams* 

Students completing learning package 
ZZZ will have a foundation for the principle 
that the bshavioK of a system is a conse** 
quence of its feedback structure* They 
will be ready ,to try to apply their under** 
standings to pore complex situetions* 

ZV* Understending Dynamic Problems 

' A number of recurring themes in real** 
world pjcobleps are uncovered in this part 
of the sequence* Bach theme is explored 
in the context of severitl epparently dif** 
fersnt dynamic problemsi making use of 
causAl^loop models and the properties of 
^feedback systems developed in Seotilons ZZ 
and ZZZ* The structujca of feedback loops 
responsible t^ v the thematic behevior is 
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exposed In each syst^m^ providing a goUffon 
focus for understanding the dlffeifent 
problems sharing that thenie. 

One of the themes explored here Is 
sometimes referred to as the counterintu- 
itive behavior of complex~ey~ste9s j well*? 
Intentloned policies often tend not to 
produce the behavior expected, occeslon*^ 
ally producing results opposite to those 
Intended* The phenomenon Is traced 
Initially to the distinction between open-^ 
loop and closed-'loop thinking* The former 
overlooks feedback In contrast to the 
latter # which Incorporates within the 
boundary of the system all the essential 
feedback Influences . Counterintuitive 
behavior appears again as the significance 
of feedback structure Is explored; feed*^ 
beck systems tend to resist certain kinds 
of change^ unless the actual structure of 
the system Is affected* In feedback 
systems the short-term effects of a 
policy may be different from, even oppo^ 
site tot Its long-term effects. The tend? 
ency of complex systems to become dependent 
upon external controls Is explored under 
the theme of ''shifting the burden to the 
Intervener**. The concept of tradeoffs Is 
Introduced. In complex systemsi policies 
rarely Improve all aspects of the system 
at once; usually a policy Improves soQe 
areas and Is deleterious to others, re*^ 
quiring pollcy-^makers to t^ke explicit 
account of the tradeoffs* 

The problems explored In this part 
of the sequence range from peer pressure^ 
cramming for a test^ and mowing lawns^ to 
criminal justice, pollution, urban grotttif^ 
stagnatlon^decay , drug-related crime ^ and 
global population and food needs i 

Learning package IV Is the culmin^ 
atlon of the essentially non^ijuantltatlve _ 
part of this Introductory system dynamics 
curriculum. It shows the power of attempts 
Ing to understand complex dynamic problems 
by focusing on feedback loops , to Illustrate 
some themes which recur so frequently i» 
complex systems that they may be called 
**prlnclples**# and to leave the students 
with a balanced view of the power and ll^ltt* 
atlons of their understandings at this 
point. As learclng packages 11^ III and 
IV have progressedj the need for knowing 
the relative strengths of feedback loops 
In a system will have arisen at various 
tlmes^ leading naturally (but not neoesn 
sarlly) to the next P^i^t of thi sequence 
In which methods are developed for making 
the assumptlone embodied In a causal-* 
loop diagram unambiguous by quantifying 
them. 

V, Introduction to Simulation 

Computer simulation In system dynai^lcs 
becomes necessary when the Implications oi? 



a structure of feedback loops are In 
doubt. Greater Precision Is required than 
a causal-^oop diagram can provide. Section 
V develops the skills needed to translate 
simple causal-'loop models Into quantitative 
models which a computer can trace through 
time* simulating the behavior of the actual 
system. 

Two critical notions form the r iixsi 
the concepts of a level (or stock) ana the 
concept of a rate (or flow). Level var-^ 
la]&les are pictured as rectangles; the 
rate adjusts the flow of something Into 
the level with which It Is associated^ 
just as a faucet adjusts the flow of water 
Into a tub# changing the water level. 



Bl 



^ — ^ Q X > 

rihs Q Popu^ Birth [population 

^ ^^io^ Aate UJZ^ 



Figure 3. Causal-Loop Diagram as It Relates 
to a Flow Diagram 

This part of the curriculum returns 
to the work of learning packages II and 
III, developing quantitative understanding 
of positive and negative feedback loops 
and the behavior of pimple systems. Stu- 
dents will expend their skills In under-^ 
standing and Interpreting graphs of var-^ 
lables over time. In addition, they will 
develop abilities to write general level 
equations and the elementary rate equations 
for exponential growth and decay and slg-^ 
mold (S-shaped) growth. Exercises Include 
first-hand calculating and graphing the 
model variables # then simulating the models 
with the aid of a computer. Familiarity 
with computers and programming Is not re- 
quired; the Introduction to the simulation 
language DYHAHO Is self-contained. The 
programming Is presented as a means to an 
endt making assumptions sufficiently pre- 
cise and suitably coded that a computer 
can trace out their Implications over time, 
Having hand-simulated the models firsts the 
students will know what the computer la 
doing. 

At the close of learning package V 
the students are ready to understand more 
complex simulation models^ they will have 
begun to see the power of simulation, and 
they will have solidified their understand- 
ings of the behavior of feedback loops 
covered Intitltlvely In learning package II 
and III, 

VI, Formulating and Analyzing simulation 
Models 

Several of the problems addressed In 
learning package IV are reconsidered, gen- 
erally In greater detail. For each^ In 
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turn, a quantltatlv* model Is d«v«Iop«d in 
OYNAHOf and explorations of tb« syst^ ara 
carrlad out by simulating dl^^^i^^nt con* 
dltlons In the 4odeIi The central focus^ 
besides tbe significant problems them- 
selves. Is the understanding of complejc 
system behavior. Where In a given system 
does Intervention have the most affect? 
Why does the system behave as It does? 
What policies actually Improve the be- 
havior of the system? Why does one 
policy have a desirable effect while others 
which Initially appear promising have little 
helpful effect or may even prove to be 
harmful? 

Explorations of the behavior of a 
system are carried out, and ^alternative 
p olicies Investigated by changing ^numer- 
leal relationships In the models alter* 
Ingi or adding equations* The computer 
Is shown as an obedient servant tracing 
out the Implications of e modeler's 
assumptions over time. Each simulation 
model and each simulation run appear 
not as ends In themselves, but as means 
to understanding, the dynamics of a car- 
tain problematic system* The goal Is 
understanding, and feedback models help 
us to understand certain kinds of problems* 

Learning package VI completes this 
Introduction to system dynamics^ Stu* 
dents continuing through all sIjc sections 
will have a new understanding of the causes 
of dynamic problems and the beginnings of 
a set of tools for analyzing and under- 
standing them* They will have learned 
to look at problems hollstlcally and to 
search for feedback loops responsible 
for the behavior of the system* They 
will understand the role of modele In 
approaching problems and what Is re** 
quired to develop such models* The stu- 
dents will alsoFhave an Introduction to 
the meaningful role computer models and 
elmulatlons can play In helping People 
to cope with the oomplex dynamic problems 
they face* 

THE CORRECT CtyttRICOmH PROJECT 

The project Is scheduled for comple-* 
tlon In August 1980* During the spring of 
1980 It will be pilot tested In eljc high 
eohools* Two teachers from each high 
school will Integrate the curriculum Into 
thelv courses* These teachers are from 
the dleolpllnes of computer science, 
mathematics^ chemistry^ physics, Bnglleh, 
hletoryi environmental etudleei -and biology* 

The targeted audience of secondary 
etudente need not be the only ueere of the 
materials* The materials that were created 
for fifth and sixth graders have been ueed 
In high schools, unlvereltlesi and even 
In the HIT Sloan Fellows Executive Develop- 



ment Programi The secondary Isvel design 
should also be appropriate for many under-* 
graduate college classes, as well as for 
other possible learning settings. The 
learning packages have been planned to 
meet the following criteria^ 

1) Interdisciplinary and Unifying * The 
materials will provide examples from a 
number of subject areasi physics, econ- 
omics i biology t ecology f socio logy « anthro- 
pologyi social studies, and literature* 
The generic similarity of structure and 
behavior In these fields will be Illus- 
trated* 

2) Relevant * The materials will deal with 
significant world and national problems 

as well as problems encountered by students 
In their own lives* 

3) Hands-on Approach * The set of learning 
packages will teach students the modeling 
process through a series of exercises* 
Initially, the students will ^levelop on 
their own a eat of feedback diagrams de- 
rived from the verbal description of a 
probleHi Then they will go on to quantify 
the elements of the problem through graph- 
Ingi and finally write the equations re** 
presenting the structure ot the model. 
The students will then hand simulate their 
model and finally simulate the model with 
the aid of a computer* 

4) SuPPIementlnjI Rather Than Replacing 
Existing subjects * The cur r 1 cu la r 

materials are designed to supplement rather 
than replace current courses* For example, 
the materlale will be used to demonetrate 
Integration In a mathematics course, popu- 
lation growth In a biology coureei factors 
underlying social problems In a social 
science couree * * 

5) Relteretlve * Both the problems selected 
for etudy and the skills taught will re" 
appear In several learning packages* The 
students therefore will study the same 
problem areas with Increasingly more details 
ot problem elaboration and Increasingly 
more eophletlcated methods as they proceed 
from caueal^Ioop diagramming through graph** 
Ingi to equation writing^ hand-simulation^ 
and then computer-simulation* Each skill 
that le teught will be recalled for use In 
later exerclees that focus ostensibly on 
other skills development* Further^ the 
student's sense of the similarity of under- 
lying dyi^amlc structures will also be In** 
creased as problsme from a variety of dis- 
ciplines are etudle4 from a system'e per* 
spectlve* The students will begin to 
underetand how Identifying the underlying 
structure of a problem gives one a strong 
sense of comprehending the problem* 

The curriculum development group . 
hopes to do extensive field teetlng over 
the next few years* Should anyone be In** 
terested Itt field testing the learning 
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packages ot wish ^ot^ information on the 
proj«c»i plaasa contact either of the 
authors t 

BBFEttBHCBS 

It Porreoteri JtW* industrial pynawics * 
CaMbridgei HAi KIT Pressi 1956* 

2» Odun, HtT* Energy^ Povr and Society t 
Few York! Kiley-lnteracience^ 1971* 

3» ttobertSi **Teaching Dynamic Feedback 
syatevta Thinkings An Blemsntary vie^t** 
Manaqe»ent Science , volt 24, April 19781 
pp* 636-643* 
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THE COHPUTER SOFTWARE TEtHHlCIAH PR06RAH 
AT POttTLAHD COHHUHin COLLEGE 

PortUnd Cooffuntty Cdllege 
12000 S,U, 49th Avenue 
PortUndt Oregon 97219 
(503) 244-6111 



ASSTyACT 

THTs paper Is a status report on a new voca- 
tional pfOjiram betn9 offered at Portland QMHMinlty 
College entitled "Conputer Software Techntctan/ 
The curriculum was developed jointly by Portland 
Comuntty Cdllege and an advts'iry board conposed 
of representatives from local electronics manu* 
factur1n9 companies such as TektronIXt Intel t and 
Electro-Scientific Industries and Is targeted at 
software/hardware technician positions In the 
0*E*K* environment* 

iNTRomjgroH 

Portland Conrninlty Cdllege Is a comprehtinslvc 
coniMJnIty college serving all of Washington County 
and parts of Hu1tnomahtCd1un61at Clackamast and 
Yamhill counties* a region of some 679tO00 people* 
Within the geographic boundary of the coemnlty 
college district are located several large manu- 
facturers of electronic equipment *- TektronIXt 
Inttit E.S.Lt and others* 

Cdurses offered at Portland Conminlty College 
are organized and Integrated Into a broad variety 
of programs ranging from associate degree* certif- 
icate carter* and college transfer programs to 
special InUrest and enrichment courses* appren- 
ticeship training* and high school completion. 
The phllosopHy of Portland Coinunlty College Is 
to offer learning opportunities to everyone re^ 
gardless of prior educational experiences, a 
phllosopl^y which has earned the school the name * 
^the Educational Shopping Center.* It Is In this 
environment that the Computer Software Tect)n1c1an 
Program 1i growing. 

PROGRAH DEVEIOPHEHT 

Identifying tne need for computer software 
technicians began In late 1977. A survey ccn- 
ducted within various groups at Tektronix showed 
widely varying skills among those polled. For 
example* the Information Display Group's skill 
set was much more computer oriented* greater than 
40 percent software* as opposed to less than 20 
percent for the Test and Heasurement Group. It 
was also noted that groups with more software 
engineers had fewer tectmlclans. It ' 



evident that the software equivalent of the hard* 
ware technician did not exist. 

With the Increase In the number of micro* 
computer*based systems being manufactured* shifts 
in the skill sets required in the manufacturJing 
envlronnent were projected to move trward Increas- 
ing en^hasls on software skills. Translated into 
future manpower requirements* an addition of 
several hundred software professionals was pro^ 
jected over the next five years* an Impossible 
task in the face of a critical shortage of tech- 
nical people. Using past experience in developing 
electronic technician programs at the two-year 
level* the two-year concept for training software 
technicians began to grow among nmnagers. 

Development of the program began in Karch 
1978 when Tektronix formally approached Portland 
Conminity College with the idea of offering a two- 
year associate degree program to train computer 
software technicians. An ad hoc coiinlttee was 
formed and instructors from the Electronic Engin- 
eering Technology and Data Processing Departments 
were assigned to course development tasks. 

PROGRAW GOAL 

Existing programs in electronics and data 
processing/computer science emphasize either hard- 
ware-related or software-related topics. The goal 
of the Computer Software Technician Program Is to 
train a technician wlio has the skills to write and 
develop microcomputer applications software under 
the guidance of a software engineer and can bridge 
the nardware/ software gap by possessing skills 
that will enable hHH/her to verify correct system 
operation. 

THE COHPUTEft SOFTWARE CURRICUHJH 

the proposed computer software Technician 
ProQram consists of 101 credit hours for the ass- 
ociate of applied sclerwe degree. The first year 
consists of perallf ) 'wrdware and software course 
sequences combine' fth mathematics and communlca^ 
tfons courses* c: ^^nts develop basic problem- 
solving skills whl!e miilding a foundation in 
basic circuit theory and device operation. The 
software and hardware areas merge in the fourth 
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ttnn IS coursts begin to Intt^ratA both softwart 
tnd hardwre topics Into t unified presenUtlon. 
Tht progrM cofuiludis with courses and on*the*Job 
Ictmlng experlenceSi to create the ability to 
function as part of a developnent tean and ittm 
the art of project nanagement* 

TERM I 

Software ProgrMnIng I 
Conputer Oriented Hatbemattcs I 
easiness CoMwnlcatlons I 
aastc Electric Circuits 

TERH II 

Software Progranoing II 
Cnoputtr Oriented Kattooatlcs IT 
Business Conunlcatlons H 
Fundamentals of Se«tconductops 

mn III 
software Prograiwlng IT! 
Intro, to Huaerlcal CoiifHiUtlor. 
Technical Report Ujriting 
Digital logic FundaMntals I 

TERH IV 

Introduction to fllcroprocessors 
tow tevii Languages 
Basic Comjnlcatlon 
DiglUI logic FundanenUls II 

TEW V 

Language Processors 
T/0 & Data Cdiminlcatlon Prog. 
Psiychologty h Hunan Relations 
Peripheral Circuits 
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IWIEMEHTATIOK 
Uborttory Facilities: 

Parallel efforts to upgrade listing electron** 
Ics laboratory space used by the electronic engine- 
ering technology program and to aa|u1re the spec* 
lallzed aqulpment necessary to Implement the Com** 
J>uter Software Technician Program have produced a 
well equipped set of laboratories to support both 
programs* Oar Initial goal to eitulp each labon* 
tory with Industry-standard equipment has been 
realized* Specialized equipment for the Computer 
S^tware Program purchased for laboratory use In- 
cludes logic analyzersi microcomputer tnlnerc. and 
software development systems* 

Equipment needed by laboratories: 

Basic Circuits Laboratory: 

Dual-trace oscilloscope (35 MKz) 
DIglUI voltmeter 



TERM VI 



Cred>^Hrs> 

5 
3 
6 



lecture 
4 
5 
3 
4 



iab> Hrs> 
1 



2 
2 
18 
3 



Basic Circuits Laboratory Continued: 
Triple power supply 
Function generator 

Advanced Circuits Laboratory: 

Dual-trace oscilloscope [100 HHz) 
Ol^ltal voltmeter 
Triple power sunply 
Function generator 
Ol^ltal counter 

Olgltal Syitcms Laboratory: 
Dual-trace oscilloscope 
Ol^ltai voltmeter 
Function generator 
Triple power supply 
loffic analyzers 
Microcomputer trainers 
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Conputatlonal Systems Uborttory: 

Mtcroconputer ^stcms capable of running 

BASIC and PASCAL 
Hlcroconputer development systems 

Cooperative Work Experience: 

A c<koperat1ve educatton program has been 
established with local companlett and ten CST 
students are currently participating In the pro- 
gran* Each cooperative education ttudent it re- 
<iu1red to carry twelve credit hours of academic 
Mork while working twenty hours per mek* Close 
tupervltion Is maintained between the cooperative 
education coordinator and managers of the coopera- 
tive education ttudents* 

The retponte hat been favorable among parti- 
cipating managers! student retponse has been 
potltlve althouoh many have exprested the feeling 
that the academic work load coitfblned with work 
attlgnments has been demanding* 

Faculty Upgrading; 

Program development has reinforced the need 
for a teaching fecuity having a skill mix that 
tpant the hardwart/toftware boundary. To datet 
faculty upgrading has been accompllthed by tech- 
nical temlnars. Independent study, and Interaction 
with Industry, toeping pace with an ever changing 
technology is a continual struggles and Incorpor-* 
atlng new teaching Ideas Into courtes remaint 
before our faculty. 

Course Content Guides: 

Courte content guides are being reviewed 
for content and updated. These course content 
gtildet are available upon requett by writing to 
the author. 

IMPACT OH CflWUTER EPDCAnOh 

aatt procesting and computer tclence pro- 
grimt to date have been very buslnets appllca- 
tlont oriented. Curricula are heavily weighted 
toward prograHlng languages and appllcatlont 
that do not fit the traditional product develop*- 
ment cycl«. 

The Computer Software Program Mas a totally 
new program rather than a modification of an 
exlttlng program^ The electronic engineering 
tectmology ana data procesting programs were 
left Intact since thtty are currently terving a 
well-defined Induttry need. In thit manners a 
curriculum wat developed to meet a future need 
for tecluilclans with both software and hardware 
tklllt. 

With the firtt gradiiating clatt In June 
1980t software technicians capable of fitting 
Into lystemt development and manufacturing groupt 
will be entering the Job market. It hat been 
evident from the feedbeck obtained through mana- 
gers of our cooperative education students that 
the skin mix will be right for entr^Oevel 
positions In software groupt currently employ- 
ing these studentt. 

Programs of this typ» are opening up new 



areas In which persons Interested In computerst 
conptiter programming, and electronics can enter/ 
Programs of this type have not been available In 
the past* To Industry* these terhnlclans will 

Eovlde the analogue of the hardware*or1ented 
rdware technician that has been missing* 

COHauSIOH 

The need for computer software technician 
programs will grow* and the Computer Software 
Technician Program at Portland Conminlty College 
can serve as a model for programs at other 
colleges. It Is the result of close Industry- 
college Interaction and It currently being evsl- 
uated through a cooperative work program with 
local electronics companies. 
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A COHPirTBR SCIENCE MAJOR IH 
A SMALL LIBEItAL ARTS COLLEGE 

Jo«rg Mayer 
Department of Mathematical Sciences 
t«ebanon Valley College 
Annvlllei PA 17003 
(717) C67-1055 



This presentation exandnes the diffi- 
culties, both practical and philosophical^ 
which stand In the way of offering a com** 
puter science degree at a small four-year 
liberal arts college* AlsOi I will present 
the conqpromise which waa struck at our 
college* 

until recently^ conq^uter science as an 
undergraduate degree program was almost 
entirely restricted to the larger uni- 
versities* Such programs were expensive^ 
both In terms of teaching personnel and 
equipment! and required an environment 
which Included an engineering school* 
These conditions are easing somewhat^ and 
It Is becoming Increasingly difficult for 
a small college to resist the Incentives 
to enter the ooimuter science market* 
Computer hardware Is now within the means 
of most Institutions^ and for those with 
Inadequate funding there are ties Into a 
conmerclai or educational time-sharing 
network* Alsoi with declining overall 
enrollments on the horizon and an at best 
stable Interest In most traditional sub* 
jects, the continuing shortage of college- 
trained coB^uter personnel seems to offer 
the chance to shore up at least some of 
the drain In the student population by 
offering a major In con^uter science* 

Encouraging though the emerging con^ 
dltlons may be, the arguments against 
adding computer science to the program of 
a liberal arts college are rather unset-^ 
tllng* 

Despite the efforts of many, there 
remains a sizeable gap between the defend- 
ers of liberal education as the attempt to 
capture the essence of the con^lete man, 
and the proponents of an Introduction to 
sclenoe and technology as the only means 
of preparing our youth for the technclog- 
loal future* The present mixture of major 
programs In most liberal arts institutions 
reflects more an uneasy truce than the 
result of mutual understanding* The 



separation between the two cultures shows 
no signs of dissolving, at least not in 
education* 

Computer science as an undergraduate 
major brings this dichotomy in education 
into sharp focus, perhaps because this 
discipline is predominantly maohlne and 
process oriented* The aim of computer 
science is not to seek truth or to under* 
stand man and nature, and in that sense 
it is antl^humanistlc* Computer scien- 
tists are, as seen by the hunanlstf 
essentially non- reflective, meaning that 
they do not concern themselves with the 
ethical and moral implications of their 
work* (welzenbaum's book on that issue 
is not widely known; and, in any case, 
it does not seem to be very popular among 
his colleagues*) Therefore, computer 
science is considered by many to be anti** 
thetlcal to the basic philosophy of 
liberal education* *'One only has to ob- 
serve the nearest con^uter freak to find 
proof for the dehumanizing. Indeed deper** 
sonallzlng Influence of that machine*** 
Computer science, as a relatively young 
discipline— exuberant! irreverent^ and in 
some ways irresponsible and antagonistic 
to deeply held cultural values-*-does not 
easily fit into the age-worn quilt of 
liberal education* 

Even if the misgivings were somehow to 
be overcome, however, the practical prob-^ 
lems of offering coji^uter science in a 
small liberal arts college are iLOSt for- 
bidding* 

TO begin with, financing the needed 
technical expertise is beyond the capa- 
bilities of most such Instltutlono, it 
would be unwise, both politically and 
financially^ for the college to hire a 
beginning Ph*D* in computer science for 
$25,000 when the average salary of the 
assistant professors in that college is 
$14,000 and that of full professors is 
$22,000* Another manpower problem arises 
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from the ACM standards set In Curriculum 
*78. There It Is recommended that "ap^ 
proximately six full-tline equivalent 
faculty members are necessary. ..." with 
a studentifaculty ratio of 14;1 this 
translates Into roughly 80 con^ater scl-* 
ence majors^ a number not likely to be 
reached In an Institution of ISOO students, 
which Is the topical enrollment of a small 
four-year college. 

Another difficulty lies In the courses 
which should be offered. According to 
Curriculum '78, a minimal program In com* 
puter science consists of twelve 
courses In computer science and deven 
courses In mathematics, making a total of 
57 credit hours In the major. Rare Is \ 
the liberal arts Institution that would 
allow such a concentration of a student's 
time In his or her major. 

Finally, there Is the need for hard^ 
ware and software. Again, Curriculum *78 
established certain benchmarks. *'lt Is 
essential that appropriate laboratory 
facilities be made available that are 
comparable to those In the physical . . . 
disciplines .... The Initial budgetary 
support . . . may be suJi^stantlal.** Also 
mentioned are extensive software systems. 
The whole package, even If conservatively 
Interpreted, presents a financial burden 
that reaches well Into slx*'dlglt numbers. 

Heallstlcally» then. It Is In^osslble 
for all but a handful of the best endowed 
small liberal arts colleges to find the 
total budgetary si^port fdr the start of 
a computer science major Which approaches 
the standards set by Curriculum '78. So 
a student who wishes to major In computer 
science miast limit his choice of a col* 
lege to those with an enrollment of at 
least 5000. It means that the smaller 
college cannot enter the market of com^ 
puter science education. Finally, It 
means that employers and graduate schools 
of coA^uter science cannot reach Into that 
rich pool of above-average, motivated, 
and broadly educated graduates. 

At tebanon Valley College we were drawn 
Into the computer science field more by 
accident than by design. In the early 
seventies when It became clear that the 
major In actuarial science was very 
attractive to prospective students and 
could be so designed as not to violate 
the firecepts of liberal education too 
severely, the Department of Hathematlos 
decided to expand Its offerings Into the 
applicable areas. The department grew 
steadily, so that In 1978 there were 70 
majors In a school whose total enroT^lment 
was 950. In 1975, enough computer science 
courses had been added to offer an Inform* 
al coi^oentratlon In con^E^uter science. The 



technical courses Included programming 
(advanced), con^uter architecture and 
asseably language, data structures, and 
an Independent study. Of the 36 mathe-* 
matlcs graduates since 1977» six took 
c<^uter^rlented jobs, seven became 
system analyst/programmers^ and four 
entered highly respected computer science 
graduate departments. 

Encouraged by these results, and 
strongly persuaded by the Admissions 
Office, a major In computer science was 
added to the programs of the Department 
of Mathematical Sciences. Its structure 
is as follows. All students in the De-* 
partment, regardless of their major, take 
the same core curriculum which consists 
of I 

Analysis 13 hours 

Foundations of Mathematics 3 hours 

Differential Equations 3 hours 

introduction to Computer Science 3 houre 
Linear Algebra 3 hours 

During the difficult sophomore year, 
the students assess both their capabill* 
ties and their strongest interest. 
Accordingly, some will drop out of com- 
puter science and others will shift into 
it. For that major the remaining re* 
quirements arei 

Abstract Algebra 3 hours 

Classical and Numerical Analysis 3 hours 
Computer Organisation & Assembler 3 hours 
Data Structures 3 hours 

Programming Languages a Compilers 3 hours 
Internship 3 hours 

The internship must be taken in some 
commercial or Industrial computer opera*^ 
tlon, usually during the summer. The 
languages taught during the last three 
years are BASIC-^PLUS, FOimtANi and 
Assembler {PDPll/40). We strongly en* 
courage the mastery of one additional 
language, such as RPG or COBOL. 

There are other requirements. To give 
the students some background in the basic 
con^>onent8 of cot^uter hardware, they 
must take a year of physics and work in a 
small con^uter science laboratory* Also 
required are six hours in psychology, and 
three hours in an ethics course designed 
to deal with the ethical issues inherent 
in modern technology, and computers in 
particular. Finally, having observed the 
often abominable technocratese of hand*^ 
books and manuals, we require that the 
computer science major take a three hour 
writing workshop. 

Thus, the major consists of 31 hours 
in mathematics, including the Curriculum 
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*78 courses HA 1, HA 2, HA 5^ 3, GS 17f 
CS 18, with HA C strongly encouraged; 
"twelve hours In coa^uter science, Includ^ 
tug CS 2t GS Zt parts of CS 4, also GS 7, 
and GS 8f 18 hotirs In what we consider re-^ 
lat«d topics} and three hours Internship* 
The totals are 46 hours In technical 
courses and 18 hours In supportive disci- 
plines* 

These requirements are In contrast to 
CurrlcuXum *78, which sets a minimum tech- 
nical requirement of SI hours, of which 30 
aire In computer science* 

The disadvantages of our approach are 
at least the following* It jnakes us un- 
comfortable to be In such disagreement 
with Curriculum *78, and we would not be 
prepared to adjust If the suggested pro* 
gram of Curriculum '78 were to develop 
from recommendations to quasl-^accredlta-^ 
tion requirements* Secondly^ the rather 
narrow scope of the computer science 
courses must result In a limited appreci- 
ation of the broad sweep of that field* 
And finally^ tbd substantial anA difficult 
requirements in mathematics will most 
likely lead to a higher dropout rate than 
we are accustomed to because many students 
interested in computer science are mathe- 
matically not very gifted* 

The advantages are that we will be able 
to increase the enrollment 5n our depart- 
ment and that all the students in the 
department are being exposed to the new 
discipXine* For them, the main and over- 
riding advantage is the flexibility which 
they enjoy during the first three years* 
To be able to switch, without loss of 
credit and required information, between 
mathematics, actuarial science^ coir^uter 
science (and probably operations research 
in the near future) is valuable to the 
mathematically gifted^ who did not in 
their high schoo.^;years have any indica- 
tion of the many job and graduate school 
opportunities for which they may be pre- 
destined* For me personally^ the greatest 
advantage of our approach is that it shows 
our students^ and not just in theory, the 
great breadth of mathematics and the mutual 
dependence and influence of the various 
disciplines we incorporate in our total 
program* 

Two conclusions appear to be clear* 
Firsts a small liberal arts college can 
offer a computer science major only if it 
does not adhere too closely to the recom- 
mendation of Curriculum *78* And second, 
such a major has any chance of success 
only if it is incorporated in the oper- 
ations of an already existing department* 
Its-vJeeulty meadbers must be wilXlng to 
work hard mastering most of the courses 
in computer science while they are still 



teaching the normal twelve hour load* 
The Con^uter Center personnel must be 
sy^athetic to the reality that the new 
major will tie up the system more often 
than they are accustomed to* And the 
administration must be willing to accept 
the fact that one cannot start a tech- 
nology-based major without improving the 
existing hardware and hiring at least one 
specialist* It is well to remember that 
more often than not, the necessary sup- 
port will come at least two years after 
it is needed* 

For those who may be conten^lating 
implementing n variation of our ?.nproach, 
let me close on a bright note* Within 
tlu first semester of the new major, four 
students transferred into it from other 
departments in the college, and two more 
students transferred into it from other 
schools because they wanted both cos^uter 
science and a smal.\ liberal arts insti- 
tution* 
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